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SUMMARY 
The problems of managerial c o n t r o l of inventory systems take on 
unique time dependent c h a r a c t e r i s t i c s when dea l ing with pe r i shab l e , 
seasona l goods. The manager must def ine h i s c o n t r o l l i n g p o l i c i e s to 
be cont inuous ly adap t ive , minimizing p e r i s h a b i l i t y l o s s whi le minimiz­
ing l o s t s a l e s . 
This research e f f o r t was undertaken to b e t t e r understand the 
i n t e r n a l c a u s a l r e l a t i o n s h i p s of such a system by expanding the 
c l a s s i c a l r e t a i l s to re model presented by Jay F o r r e s t e r (l6) to include 
p e r i s h a b l e , seasona l goods. I n i t i a l l y the s i g n i f i c a n t feedback loops 
were i d e n t i f i e d and a model of the system was developed. Output from a 
s imula t ion of the model was compared wi th h y p o t h e t i c a l system behavior 
pa t t e rn s , and the model 's s e n s i t i v i t y to changing s e l e c t e d v a r i a b l e s 
and parameters was ana lyzed . 
The r e s u l t s of t h i s study provide a reasonably v a l i d represen t ­
a t i on of the interdependent components of a seasona l , pe r i shab le 
inventory c o n t r o l system. When coupled wi th a companion cash flow 
model and fu r the r v a l i d a t i o n by implementation, t h i s model w i l l provide 
the manager wi th a b e t t e r understanding of the most s i g n i f i c a n t 




The genera l purpose of t h i s research i s t o develop a means of 
c o n c e p t u a l i z i n g the i n t e r n a l c a u s a l r e l a t i o n s h i p s of a c e r t a i n type 
inventory system and t o provide t h a t sys tem's manager a t o o l f o r 
improving h i s p o l i c y d e c i s i o n p r o c e s s e s . The p a r t i c u l a r system under 
c o n s i d e r a t i o n i s a pe r i shab l e , seasona l inventory c o n t r o l system. 
In add i t ion to the problems normally a s soc i a t ed wi th inventory 
c o n t r o l , systems which include p e r i s h a b l e , seasona l products are 
compounded by the increased s i g n i f i c a n c e of time dependence. Although 
systems d e a l i n g wi th more durable products are a l s o time dependent, 
the nature of t h i s dependence i s u s u a l l y manifest in terms of f i xed 
pe r iods such as lead time and product ion l a g t ime . L i t t l e emphasis i s 
p laced on inventory holding time, and tha t problem, i f considered 
s i g n i f i c a n t , i s most always d e a l t wi th by a gene ra l F i r s t In F i r s t Out 
(FIFO) p o l i c y . Of g r e a t e r importance has been the problem of 
determining such v a r i a b l e s as the economic order quan t i ty (EOQ), 
reorder po in t , and b u f f e r s t o c k . 
P e r i s h a b l e , seasona l inventory systems are a l s o confronted with 
the c l a s s i c a l inventory c o n t r o l problems. More meaningful, however, i s 
the product ion r a t e , or the ra te a t which the product i s a v a i l a b l e to 
the consumer. The reorder po in t v a r i e s with the season, and the EOQ 
i s a s s o c i a t e d more wi th s a t i s f y i n g such c o n s t r a i n t s as p e r i s h a b i l i t y 
r a t e and demand ra te than with batch replacement of deple ted s t o c k . 
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Stock-outs are a l s o t o "be avoided to minimize l o s t s a l e s . But the con­
s t r a i n t s involved with determining buf fe r s tock s i z e now include the 
c o s t of p e r i s h a b i l i t y l o s s as w e l l as t r a d i t i o n a l holding c o s t s such as 
s torage space, c a p i t a l investment, and obso l e scence . 
The problem of p e r i s h a b i l i t y i s not new, and cons iderable e f f o r t 
has been appl ied toward ana lyz ing means of dea l ing wi th t h i s cha rac t e r ­
i s t i c . S tudies i n v o l v i n g var ious s torage temperatures, packaging 
m a t e r i a l s , humidity, handling and so fo r t h have been conducted (39> ^0, 
hi, 1J2, k-k, . Genera l ly the r e s u l t s of these s tud i e s i n d i c a t e a 
p re fe r red means of temporar i ly r e t a rd ing the i n e v i t a b l e . P e r i s h a b i l i t y 
r e t a rda t i on i s c e r t a i n l y of i n t e r e s t t o the system manager, and the 
t ime-cos t t rade o f f f o r s t o r i n g pe r i shab le inventory takes on cons iderab le 
dimension. The s i z e of t h i s dimension depends on i t s r e l a t i v e s i g n ­
i f i c a n c e w i t h i n the system, and the need f o r some means of measuring 
t h i s and the s i g n i f i c a n c e of other interdependent r e l a t i o n s h i p s wi th in 
the system becomes apparent . 
The c h a r a c t e r i s t i c s of p e r i s h a b i l i t y are manifest in s t i l l other 
aspec t s of the system. The problem of backorders r a i s e s some i n t e r e s t i n g 
ques t ions wi th which the manager must d e a l . Backordering may be a 
designed managerial p o l i c y wherein orders are accepted but not immed­
i a t e l y f i l l e d . This i s most appropr ia te in the case of seasona l goods. 
Backordering may a l s o r e s u l t from s tock -ou t s where the consumer i s 
s a t i s f i e d t o await d e l i v e r y of goods not immediately a v a i l a b l e . In the 
former case the programmed backordering i s be s t designed i f the manager 
has some c o n t r o l over product ion r a t e . Cont ro l may be e x e r c i s e d e i t h e r 
d i r e c t l y , where the product ion f a c i l i t y i s par t of the o v e r a l l system, 
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or i n d i r e c t l y where product ion and inventory are separate e n t i t i e s 
such as farm and market. In e i t h e r case the manager's c o n t r o l i s 
l imi ted "by the c a p a c i t y of the product ion f a c i l i t y , and he may plan to 
s a t i s f y backorders beyond tha t l i m i t only by assuming a d d i t i o n a l c o s t . 
The c h a r a c t e r i s t i c which makes t h i s s i g n i f i c a n t l y d i f f e r e n t from a 
durable product backorder p o l i c y i s tha t the product ion s t a r t i n g date 
i s cons t ra ined l e s t the product pe r i sh before i t s due date to the con­
sumer. Now the c a p a c i t y c o n s t r a i n t looms even more s i g n i f i c a n t . 
Furthermore, when backordering i s t o avoid l o s t s a l e s i n the case of 
s t o c k - o u t s , some por t ion of product ion c a p a c i t y may be n e c e s s a r i l y 
a l l o c a t e d to meet t h i s e v e n t u a l i t y . And an i n c r e a s i n g l y g r e a t e r 
por t ion of product ion c a p a c i t y must be a l l o c a t e d to provide on-hand 
inventory as the product comes in season. Before dec id ing upon any 
firm opera t ing p o l i c y the system manager must have some means of 
c o n c e p t u a l i z i n g the va ry ing degree of s i g n i f i c a n c e of each of these 
s i t u a t i o n s i n the time domain. 
The purpose of t h i s research then i s t o provide the manager of 
a p e r i s h a b l e , seasona l inventory c o n t r o l system wi th a means of 
observing t h i s dynamic s i t u a t i o n as i t e x i s t s and t e s t i n g the hypothes i s 
tha t h i s p o l i c i e s are indeed optimum given h i s unique s i t u a t i o n . 
CHAPTER I I 
LITERATURE SURVEY 
The problem of e s t a b l i s h i n g the optimum inventory system i s as 
dynamic as the types of inventory systems are v a r i e d . The l i t e r a t u r e 
abounds wi th va r ious schemes f o r opt imiz ing some one or s e v e r a l 
funct ions in any number of g iven inventory sys tems. No attempt w i l l 
be made here a t a d e t a i l e d survey of the p l e tho ra of a r t i c l e s and 
t e x t s t ha t have been published in the pas t two decades on t h i s s u b j e c t . 
Rather, the f o l l o w i n g i s a pursuance of the methodologica l e v o l u t i o n 
of inventory op t imiza t ion procedures and i t s r e l a t i o n s h i p to the 
p e r i s h a b l e , seasona l inventory system under a n a l y s i s . 
C l a s s i c a l 
One of the e a r l i e s t con t r ibu t ions t o the cur ren t inventory 
modeling methodology was presented by Arrow, Har r i s , and Marschak (4). 
They determined the bes t maximum s tock and reorder poin t as funct ions of 
demand, the c o s t of making an order , and the pena l ty of s tock ou t . 
In t h i s paper the s torage c o s t i s r e l a t e d to the s i z e of inventory 
v i a cons tant parameters , whi le r a t e of demand i s a random v a r i a b l e . 
Wagner and Whitin (36) extended the methodology t o inc lude va ry ing 
demands, inventory hold ing charges , and s e t up c o s t s f o r a s i n g l e 
i tem over n p e r i o d s . This dynamic v e r s i o n of the EOQ model (36) 
a s s e r t s t ha t one does not both p l ace orders and c a r r y inventory forward 
in the same pe r iod . Holding c o s t s are al lowed t o va ry wi th the s i z e of 
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inventory c a r r i e d "but no p r o v i s i o n i s made t o reduce hold ing cos t s 
r e s u l t i n g from per ished inventory reduct ion and subsequent a d d i t i o n a l 
l o s t inventory c o s t s . 
An i n t e r e s t i n g and innova t ive con t r ibu t ion t o the methodology 
has r e c e n t l y been provided by Zangwi l l (37)• Fol lowing the e v o l u t i o n ­
ary progress of op t imiza t ion through mathematical programming he 
devised a network approach f o r s o l v i n g the EOQ model. This approach 
prov ides a means of r e v e a l i n g the under ly ing s t ruc tu re of the model 
f a c i l i t a t i n g the development of e f f i c i e n t dynamic programming 
algor i thms f o r determining o p t i m a l i t y . This paper i s p a r t i c u l a r l y 
s i g n i f i c a n t in t ha t i t r epresen ts the value of combining the technique 
of mathematical programming wi th the technique of r e t i c u l a t i o n long 
used p r i n c i p a l l y by systems eng inee r s . Notably, us ing the network 
approach, Z a n g w i l l accomplishes an o b j e c t i v e s i m i l a r to tha t of t h i s 
r e sea rch - provide a means of c o n c e p t u a l i z i n g an otherwise extremely 
complex model which f a c i l i t a t e s determining o p t i m a l i t y . 
In two papers r e c e n t l y presented by Bulinshaya (8,9) the 
technique of dynamic programming i s brought t o bear d i r e c t l y on the 
problem of inventory p o l i c i e s f o r pe r i shab le goods. In h i s e a r l i e r 
work he assumes l i n e a r c o s t funct ions fo r replenishment c o s t , 
i n s u f f i c i e n c y of goods c o s t ( s t ock o u t ) , and s torage c o s t . In con t r a s t 
h i s l a t e r paper a l lows replenishment c o s t to be a convex funct ion of 
the amount of the order . In each paper he assumes t ha t goods remaining 
unused a t the end of each per iod n p e r i s h . These assumptions ra ther 
l i m i t the a p p l i c a t i o n of the proposed model. P e r i s h a b i l i t y as noted 
in a recent paper by Belson and F l e i s c h e r (6), i s a c t u a l l y modeled by 
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a funct ion s i m i l a r t o tha t dep ic ted in Figure 1 , r a the r than the s t ep 
func t ion proposed "by Bul inshaya . According t o Belson and F l e i s c h e r , 
during the period of time the product i s a c t u a l l y marketable (A) i t s 
u t i l i t y l o s s i s near ly approximated by a convex func t ion . I t i s 
observed here the mathematical s i m i l a r i t y t o an exponen t ia l decay . 
System's Approach 
Coincident wi th the refinement of mathematical programming 
a p p l i c a t i o n t o the c l a s s i c a l inventory c o n t r o l models, the theory of 
c y b e r n e t i c s has evolved t o embrace inventory c o n t r o l through s e r v o -
mechanism theory . In a paper by Simon (31) servomechanism theory was 
appl ied as a t o o l f o r c o n t r o l l i n g product ion ra te of a s i n g l e product . 
A c o n t r o l analogous to a thermostat was devised to au toma t i ca l ly 
c o n t r o l product ion ra te thus p rov id ing s u f f i c i e n t inventory to s a t i s f y 
demands on the system. Although the inventory c o n t r o l system was now 
defined in the time domain no a t t e n t i o n was g iven to provid ing fo r 
continuous inventory dra in due to p e r i s h a b i l i t y l o s s . The system 
putput, or a c t u a l inventory , was defined as a funct ion of product ion 
ra te and cus tomer ' s o r d e r - r a t e . P e r i s h a b i l i t y ra te was not inc luded . 
More r e c e n t l y Bather (5) suggested the use of a continuous 
time analogue form of the inventory c o n t r o l model. In t h i s model 
. . . we suppose tha t the hold ing and shortage c o s t s a s soc i a t ed 
wi th the inventory are determined by a continuous non-negat ive 
func t ion £ ( x ) , where £(x) represents the instantaneous c o s t 
per u n i t time when the s tock l e v e l i s x . Backlogging of demands 
i s permit ted when s ( t ) = 0 and in t h i s case 4 ( x ( t ) ) represents the 
pena l ty f o r de l ay i n s a t i s f y i n g demands. For example, we might 
have £(x) = hx when x ^ 0, t(x) = -px when x ^ 0, where the 
cons tan ts h, p > 0 represent the holding c o s t per u n i t quan t i ty 
s tored and the pena l ty per u n i t shortage r e s p e c t i v e l y . 
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Bather does not cons ider a c t u a l product p r i c e s ince demands may be 
backlogged and e v e n t u a l l y s a t i s f i e d . His op t imiza t ion problem then 
" . . . i s to f ind the opera t ing p o l i c y which maintains the b e s t 
compromise between too many orders and frequent se t -up c o s t s on the one 
hand, and e x c e s s i v e s t o c k p i l i n g or backlogging on the o t h e r . " Note 
the d i r e c t r e l a t i o n s h i p between quan t i ty s tored and holding c o s t 
wi th no p r o v i s i o n fo r product dep rec i a t i on or t o t a l l o s s due to 
p e r i s h a b i l i t y . S e a s o n a l i t y may be provided f o r in h i s model s ince 
demands are al lowed t o vary con t inuous ly . 
In response to increased treatment of the inventory c o n t r o l 
problem in the time domain as a dynamic system, s e v e r a l a r t i c l e s have 
appeared sugges t ing a systems approach t o inven to ry . One such a r t i c l e 
by Reed and Hanken (25) proposed a means of viewing inventory and the 
inventory problem. They reason tha t t h i s " . . . approach attempts 
to cons ide r the broad consequences upon the e n t i r e system of changing 
one p a r t . " Viewing the problem from a s i m i l a r approach A l c a l a y and 
Buffa ( l ) propose a gene ra l model of a product ion system. They 
recognize t h i s as a subsystem of the t o t a l o rgan i za t i on system having 
the goa l of maintaining s t a b i l i t y whi le advancing by opt imal degrees 
toward a p resc r ibed g o a l . The i r purpose was t o present a conceptua l 
framework toward the development of a mathematical model of a product ion 
system, not un l ike Z a n g w i l l ' s paper p r e v i o u s l y mentioned (37)> nor 
t h i s research i t s e l f . The d i f f e r e n c e i s mainly in de f in ing the p a r t i c u l a r 
system in ques t ion and the mathematical techniques employed. 
More r e c e n t l y Buffa , a l l i e d w i th Reissman (26) developed an even 
more e l abo ra t e s t r u c t u r a l and mathematical framework f o r the a n a l y s i s 
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or synthesis of a large c lass of production systems. The general 
a p p l i c a b i l i t y of the model i s demonstrated "by comparing i t with the 
i n d u s t r i a l l y va l idated model developed "by Forrester ( l6) . Suggesting 
that Forres ter ' s model i s indeed a very spec ia l case of the i r own, 
they profess the ir model to have a high degree of general conceptual 
u t i l i t y . 
Indus tr ia l Dynamics 
Since the methodology has evolved now to the point of c l e a r l y 
conceptual iz ing the problem as a pr inc ipa l i n i t i a l step in indus tr ia l 
systems optimization techniques, i t i s w e l l to include indus tr ia l 
dynamics as a s i g n i f i c a n t separate contribution to the f i e l d . 
"Industr ial dynamics i s a way of studying the behavior of indus tr ia l 
systems to show how p o l i c i e s , decis ions , s tructure, and delays are 
in terre la ted to influence growth and s t a b i l i t y " ( l6) . Forrester 
cautions that for " . . . most of today's great management problems, 
mathematical methods f a l l f a r short of being able to find the 'best ' 
so lut ion ." The same a t t i tude i s re f lec ted by Reed and Hanken (25) 
when they encourage the use of the systems approach "to assure that 
the optimum sought i s the true optimum and not j u s t a suboptimum.11 
Postu lat ing that in the future there w i l l be l e s s concern with actual 
operating decis ions and more with the p o l i c y bas is that should guide 
operating dec is ions , Forrester presents a method for modeling 
i n d u s t r i a l systems based on more descr ip t ive information thaa s t a t i s t i c s 
and formal data . He points out that t h i s type model should be 
developed f i r s t and used to determine what formal data need be taken. 
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Because of the conspicuous absence in the l i t e r a t u r e of c o n t r o l 
models dea l ing d i r e c t l y wi th pe r i shab le inventory and the obv ious ly 
v a s t a p p l i c a t i o n of such models, i t i s surmised tha t an i n d u s t r i a l 
dynamics-type model i s needed. An extens ion of the c l a s s i c a l r e t a i l 
s to re model developed by F o r r e s t e r t o include pe r i shab le inventory 
appears to be an I d e a l method f o r s tudying the problem in ques t ion . 
Not only does t h i s technique avoid t r a d i t i o n a l mathematical preoccupance 
wi th p r e c i s i o n , but a l s o provides an e x c e l l e n t means of viewing the 
system and i t s r e a c t i o n to changing p o l i c i e s by computer s imula t ion . 
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CHAPTER I I I 
OBJECTIVES AND APPROACH 
Objec t i ve s 
The purpose of t h i s r esea rch i s to develop a means of concept­
u a l i z i n g the i n t e r n a l c a u s a l r e l a t i o n s h i p s of a pe r i shab l e , seasonal 
inventory c o n t r o l system. I t s o b j e c t i v e s a r e : 
(1) To i d e n t i f y those information feedback loops which c o n t r o l 
the pa t t e rns of behavior of t h i s system. 
(2) To model the system, a v a i l i n g these feedback loops as a 
mechanism f o r p o l i c y formula t ion . 
(3) To simulate the system, using the developed model in order 
t o analyze the d e s i r a b i l i t y of in t roducing p o l i c y changes . 
Scope 
The gene ra l nature of the problem under a n a l y s i s i s d i scussed in 
Chapter I . A c t u a l cond i t i ons , p o l i c i e s , and appropriate data used in 
the model were c o l l e c t e d from r e l e v a n t bus inesses i n A t l a n t a , Georg ia . 
Two bus inesses in p a r t i c u l a r were s e l e c t e d as a b a s i s f o r modeling 
because of the pe r i shab le nature of t h e i r product ( f lowers ) and the 
e s t a b l i s h e d s t a b i l i t y of t h e i r opera t ing p o l i c i e s (Appendix A ) . 
Although i t i s recognized t h a t f l o r a l products are h i g h l y pe r i shab le 
and of ten seasona l , the model appears to have equal a p p l i c a t i o n to 
i n t e r e s t s as d i v e r s e as ammunition and da i ry p roduc t s . 
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Approach 
The fo l lowing procedure i s c i t e d as the means of applying the 
methodology of I n d u s t r i a l Dynamics to en t e rp r i s e des ign : 
(1) Describe the problem and s e l e c t the p o s s i b l e pa t te rns of 
behavior of the sys tem's p r i n c i p a l v a r i a b l e s . 
(2) Define the system environment by determining i t s boundaries, 
and i d e n t i f y the main f a c t o r s inc luded . 
(3) I den t i fy the feedback loops respons ib le fo r the sys tem's 
i n t e r n a l c a u s a l r e l a t i o n s h i p s and gene ra l behav io ra l p a t t e r n . 
(h) Const ruct a mathematical model of these i n t e r a c t i o n s . 
(5) Generate the behavior of the model through t ime. 
(6) Compare (5) w i th ( l ) and r e d e s i g n / r e v i s e the model u n t i l 
i t i s an accep tab le represen ta t ion of the r e a l system. 
(7) S e l e c t appropria te t a r g e t s f o r improvement and r e d e s i g n / 
r e v i s e (6) in such a way as t o guide the model 's behavior toward those 
t a r g e t s (16,30). 
Because of the continuous nature of t h i s methodology the i n t e r n a l 
system r e l a t i o n s h i p s must be s e l f - a d j u s t i n g , adapt ive to changes both 
w i th in and outs ide the sys tem's environment. Information feedback 
loops provide the v e h i c l e f o r e f f e c t i n g t h i s i n t e r n a l adjustment. 
B a s i c a l l y , an information feedback loop c o n s i s t s of an accumu­
l a t i o n , f low r a t e , and information (30). The flow ra te causes a time 
v a r i a n t accumulat ion. Information concerning the accumulation i s 
compared wi th the des i r ed accumulation s t a t u s , and the flow ra te i s 
adjusted app rop r i a t e ly through a d e c i s i o n making p r o c e s s . The loop i s 





Figure 2. Bas ic Feedback Loop. 
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( c a l l e d LEVEL). 
Information feedback loops may be e i t h e r p o s i t i v e or n e g a t i v e . 
I f , g iven the information tha t the accumulation i s i nc rea s ing (dec reas ­
i n g ) , the f low ra te i s adjusted t o cause the accumulation to increase 
(decrease) even more, the loop i s p o s i t i v e . However, i f under the same 
cond i t ions the f low ra te i s adjusted t o cause the accumulation to 
decrease ( i n c r e a s e ) , the loop i s n e g a t i v e . The p o s i t i v e loop i s 
r e l a t e d t o growth whi le the nega t ive loop to g o a l - s e e k i n g (30)« 
The focus of the feedback loop i s the d e c i s i o n p o i n t . Herein 
continuous adjustments are e f f e c t e d which u l t i m a t e l y cause the sys tem's 
observed behav io r . 
Dec i s ions fundamentally invo lve three t h i n g s . F i r s t i s the 
c r e a t i o n of a concept of a des i r ed s t a t e of a f f a i r s . . . . Second, 
there i s the apparent s t a t e of a c t u a l c o n d i t i o n s . . . . The t h i rd 
pa r t of the d e c i s i o n process i s the genera t ion of the kinds of 
a c t i on t ha t w i l l be taken in accordance wi th any d iscrepancy 
which can be de tec ted between the apparent and des i red 
c o n d i t i o n s . ( l 6 ) 
The r e l a t i o n s h i p between the f i r s t two and the r e s u l t a n t a c t i on t o 
be taken i s r e fe r red to i n I n d u s t r i a l Dynamics as p o l i c y . Conceptual ly 
the same as a d e c i s i o n ru le or t r a n s f e r func t ion , p o l i c y in the bas ic 
information feedback loop d iscussed i s that phenomenon which desc r ibes 
the flow r a t e change g iven some d iscrepancy between des i red and a c t u a l 
l e v e l accumulat ion. 
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CHAPTER IV 
DESCRIPTION OF THE PROBLEM 
The i n i t i a l s tep in I n d u s t r i a l Dynamics methodology i s to desc r ibe 
the system tha t c r e a t e s the problems which motivated the study and 
p o s s i b l e causes of those problems. The inventory system under a n a l y s i s 
i s descr ibed in Chapter I , and in gene ra l the s i g n i f i c a n t problems 
involved in tha t system are t h r e e f o l d : 
(1) P e r i s h a b i l i t y 
(2) Seasona l i t y 
(3) Backordering 
P e r i s h a b i l i t y 
As has been suggested p e r i s h a b i l i t y of any g iven product might 
w e l l be represented through time as a convex funct ion descr ibed in 
Figure 1 . Moreover the s tep funct ion treatment of p e r i s h a b i l i t y used 
by Bul inshaya i s a c t u a l l y employed as an opera t ing p o l i c y a t Bo rg ' s 
F l o r i s t s ' . That i s , a l l product remaining a t the end of some opera t ing 
per iod i s l o s t . The s tep funct ion may be considered a s p e c i a l case of 
a convex func t ion , i t s unique c h a r a c t e r i s t i c s in t h i s case be ing the 
r e s u l t of r e t a rd ing p e r i s h a b i l i t y in a r e f r i g e r a t e d room. Hence, a 
convex func t ion , which may be uniquely defined f o r any g iven product , 
w i l l be used here to de sc r ibe product p e r i s h a b i l i t y . 
The ques t ion of p e r i s h a b i l i t y r e t a r d a t i o n might be worthy of 
cons ide ra t ion as a d i s t i n c t l y d i f f e r e n t problem because of the inherent 
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function involved. The increased cost associated with increasing 
re fr igerat ion capac i ty , adding addi t ional greenhouses, i n s t a l l i n g 
addi t iona l aircondit ioning units and so forth may w e l l he approximated 
by a concave cost function as the s ize of inventory accumulation 
increases . However, since such environmental changes can hardly be 
considered continuous, espec ia l ly when being considered in re lat ion 
to the time domain within which the products under analys is perish, 
p e r i s h a b i l i t y retardation costs w i l l be considered constant, subject 
to incremental changes given a managerial decis ion to assume some 
addi t ional f ixed cost to that end. 
To be consistent i t i s assumed, therefore, that there e x i s t s a 
capac i ty l imi ta t ion on inventory accumulation, be i t cubic f e e t in a 
refr igerated room or number of greenhouses a v a i l a b l e . However, even 
under these conditions p e r i s h a b i l i t y retardation and/or storage costs 
w i l l vary with the s ize of inventory accumulation, as i t costs more 
to cool a f i l l e d refr igerated room than an empty one. For the purposes 
of th i s study the variance w i l l be assumed to be n e g l i g i b l e , since 
the p a r t i c u l a r system being modeled i s e s s e n t i a l l y s table and does 
not r ea l i z e v i o l e n t inventory f l u c t u a t i o n . 
Seasonal i ty 
The problem of seasonal i ty i s e s s e n t i a l l y a problem of consumer 
demand. The e f f e c t may be produced by introducing some stimulus into 
an otherwise s tab le , poss ib ly uniform, demand funct ion. Since the 
function i s seasonal, the locat ion in time as to where the stimulus i s 
introduced i s f a i r l y pred ic tab le . However, such i s not the case with 
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respec t to the e f f e c t of the st imulus on the va r ious i n t e r a c t i n g 
components of a g iven system. 
Seasonal demand funct ions may "be approximated in a v a r i e t y of 
ways . For example, demand fo r rose bushes might have a normal d i s t r i ­
but ion spread over the l a t e w in t e r and spr ing months. Ammunition 
might have a s tep demand func t ion , r i s i n g and dropping a t the beginning 
and end of hunting season. The season i t s e l f might fu r the r def ine the 
nature of the func t ion . Mothers' Day and Eas t e r are examples of 
s t imulants e f f e c t i n g the demand funct ion of a product such as carna t ions 
tha t otherwise might have a s t a b l e , nea r ly uniform, d i s t r i b u t i o n . 
In t h i s case the demand func t ion might be descr ibed by a t runcated 
normal d i s t r i b u t i o n superimposed on a uniform d i s t r i b u t i o n , demand 
r i s i n g normally out of uniformity as the season approaches and dropping 
sharply back t o uniformity as i t p a s s e s . 
C l e a r l y demand funct ions i n the r e a l world are in f a c t a v a r i e t y 
of combinations of t rends and o s c i l l a t i o n s , and not w e l l behaved 
d i s t r i b u t i o n s . Y e t , by approximating demand funct ions one may b e t t e r 
i d e n t i f y c e r t a i n pa t t e rns of systems behav io r . And, more important, 
i f an a n a l y s i s of these pa t te rns i n d i c a t e s tha t a more thorough 
d e s c r i p t i o n of the demand funct ion i s necessary , the system manager 
may c o n f i d e n t l y a l l o c a t e necessary resources to tha t end. 
The seasona l demand funct ion i s of ten subjected to d i s t o r t i n g 
i n f l u e n c e s . A d v e r t i s i n g and f l u c t u a t i n g p r i c e s are two such i n f l u e n c e s . 
Although t h i s research does not provide f o r these managerial a l t e r ­
n a t i v e s , they are mentioned here t o po in t out s t i l l another f a c e t of 
i n t e r a c t i n g f o r c e s bear ing on the system. There i s l i t t l e ques t ion 
tha t a d v e r t i s i n g and p r i c e va r iance have cons iderab le p o t e n t i a l f o r 
i n f luenc ing the sys tem's behav io ra l p a t t e r n s . The manager must be 
aware of t h i s p o t e n t i a l and h i s r e l a t e d p o l i c i e s in a compet i t ive 
market. As d i scussed in Appendix A ne i the r B o r g ' s F l o r i s t s ' nor 
Smith 's Nurser ies u t i l i z e these t echn iques . 
By i n t e g r a t i n g the problem of p e r i s h a b i l i t y and s e a s o n a l i t y the 
inventory manager i s confronted wi th an even more complex problem. To 
s a t i s f y seasonal demands he must maintain a v a r i a b l e s i z e inven tory . 
Y e t h i s inventory must be minimized i n order t o minimize p e r i s h a b i l i t y 
l o s s . Obviously too l i t t l e inventory , whi le minimizing p e r i s h a b i l i t y 
l o s s , may lead t o l o s t s a l e s . In the case of the system being 
modeled p e r i s h a b i l i t y l o s s i s p re fe r red t o l o s t s a l e s . Hence the 
problem i s to minimize p e r i s h a b i l i t y l o s s whi le s imul taneously minimiZ' 
ing l o s t s a l e s . 
Backorders 
The t h i rd s i g n i f i c a n t problem i n the system being analyzed 
i nvo lve s backorders . In gene ra l backordering a l lows the manager to 
accept orders f o r goods wi thout having those goods immediately 
a v a i l a b l e . This opera t ing p o l i c y r e l i e v e s the manager of the r equ i r e ­
ment of maintaining an a s soc i a t ed amount of on-hand inventory wi th 
i t s r e l a t e d s to rage c o s t and p e r i s h a b i l i t y l o s s . At the same time 
consumers, who would otherwise be l o s t s a l e s , may be s a t i s f i e d t o 
backorder . The manager i s now faced wi th the problem of how much 
inventory may be backordered wi thout the inherent problems of 
admin i s t ra t ion , de lay , shipping, r e c e i v i n g , and p o s s i b l y even 
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c a n c e l l a t i o n s . 
Backordering appears h i g h l y a t t r a c t i v e when dea l i ng wi th the 
problem of seasona l goods. Orders may be accepted w e l l in advance i n 
a n t i c i p a t i o n of the season. In many cases a lower p r i c e may be offered 
to a t t r a c t such o r d e r s . Although the p a r t i c u l a r problem of p r i c e 
v a r i a t i o n w i l l not be handled d i r e c t l y in t h i s study, i t s in f luence 
must be cons idered . As mentioned e a r l i e r there i s a c a p a c i t y 
l i m i t a t i o n on inventory s t o r a g e . The manager may a l l o c a t e a l l of t h i s 
c a p a c i t y to handl ing backorders as they become due. By doing so he 
would have no goods on-hand to s a t i s f y immediate orders a t c u r r e n t l y 
h igher p r i c e s . Obviously the manager would p r e f e r to s a t i s f y those 
immediate o rders , avoid l o s t s a l e s , ga in the r e l a t e d in-season p r o f i t , 
and handle backorders t o the g r e a t e s t ex ten t p o s s i b l e . In t h i s model 
as i n the case of Smith ' s Nursery some optimum balance w i l l be sought 
wi th p r i o r i t y to f i l l i n g backorders t o which the system i s committed 
a t the r i s k of l o s t s a l e s r ega rd l e s s of p r i c e d i f f e r e n t i a l . 
Production 
The manager who has the a d d i t i o n a l r e s p o n s i b i l i t y of production 
i s f aced wi th a s t i l l more complex problem. The product must not be 
produced/procured too e a r l y l e s t i t pe r i sh before the season. Moreover 
there are economic advantages i n producing/procur ing seasona l inventory 
e a r l y such as r e c e i v i n g a reduced p r i c e a t wholesa le or us ing the 
product ion f a c i l i t y f o r s t i l l another product . Except to a ve ry 
l imi t ed ex ten t in the case of Smith ' s Nursery, the system under a n a l y s i s 
c o n t r o l s production/procurement by con t r ac t i ng wi th outs ide sources and 
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i s t he re fo re not s i g n i f i c a n t l y concerned wi th production s t a r t i n g time, 
p lan t c a p a c i t y , or resource a l l o c a t i o n to product ion . The manager i s 
more concerned wi th the dynamics of the purchase order quan t i ty sub­
mit ted t o the producer . Nonetheless , the problem e x i s t s , and i t must be 
provided f o r when dea l ing wi th the environmental ly broader problem of a 
p roduc t ion- inventory c o n t r o l system. 
Behavior Pa t t e rns 
The f o l l o w i n g pa t te rns of behavior are assumed t o be represen t ­
a t i v e of p e r i s h a b i l i t y and va r ious types of seasonal demand. The 
assumed r e l a t i o n s h i p between r a t e s of production and seasonal 
demands i s a l s o por t rayed . The cons t ruc ted model should have pa t te rns 
which behave in a s i m i l a r f a sh ion . However, tha t in i t s e l f i s not 
s u f f i c i e n t to conclude tha t the model adequate ly represents the r e a l 
system. A l so necessary i s the s u b j e c t i v e b e l i e f t ha t the f a c t s 
included in the model represen t the most s i g n i f i c a n t f a c t o r s in the 
system (30). 
X Per iod of m a r k e t a b i l i t y —^ 
P e r i s h a b i l i t y Function 
Various Demand Functions 
Product ion Demand 
Peak in-Season 
Product ion vs Current Seasonal Demand Re la t ionsh ip 




A f t e r e s t a b l i s h i n g the most s i g n i f i c a n t problems in the system, 
the next s tep in I n d u s t r i a l Dynamics methodology i s to def ine the 
boundaries of the system. One technique of accomplishing t h i s i s t o 
i d e n t i f y the s ec to r s of behavior wi th in the system. These s ec to r s 
should have the c h a r a c t e r i s t i c t ha t when coupled or perce ived j o i n t l y 
they make up the system i t s e l f and def ine i t s boundar ies . A d d i t i o n a l l y , 
they should provide a means of i d e n t i f y i n g the feedback loops which 
determine the sys tem's b e h a v i o r a l p a t t e r n s . 
Sec to r s of Behavior 
The system under a n a l y s i s may be devided i n t o four major s e c t o r s : 
R e t a i l , Wholesale, Market, and P e r i s h a b i l i t y . The wholesale s e c t o r 
represents the a v a i l a b i l i t y of goods t o the r e t a i l e r . I t i s of ten 
represented p h y s i c a l l y by a product ion f a c i l i t y , and in the case of 
the system being modeled i t i s one or a s e r i e s of c o n t r o l l e d envi ron­
ment farming s t a t i o n s . The wholesa le r or producer r e c e i v e s orders 
from the r e t a i l e r and in turn, a f t e r process ing those orders , ships 
the des i r ed goods t o r e t a i l . Because the r e c e i p t of purchase orders 
a t wholesa le represen ts an accumulation, there i s an inherent de l ay 
a s soc i a t ed wi th t h i s p r o c e s s . Product ion c o n t r o l i s achieved by 
c o n t r o l l i n g the ra te of f low of information and goods in to and out 
of w h o l e s a l e . Although such c o n t r o l i s not the o b j e c t i v e of t h i s study, 
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i t i s mentioned here to poin t out the r e l a t i o n s h i p between f lows and 
accumulations in p o l i c y formula t ion . The who lesa le r may seek c o n t r o l 
by such methods as c o n t r a c t i n g f o r some minimum/maximum purchase order 
ra te from the r e t a i l e r , seeking out tha t number of r e t a i l e r s f o r 
con t r ac t such tha t h i s purchase order ra te i s o p e r a t i o n a l l y f e a s i b l e , 
or in a r e l a t e d manner a d v e r t i s i n g h i s s e r v i c e s t o the ex ten t he deems 
necessary t o a t t r a c t adequate purchase o rde r s . On the other hand he 
c o n t r o l s goods ' f low by c o n t r o l l i n g product ion r a t e . This may be 
achieved by va ry ing employment l e v e l (another accumulation wi th 
r e l a t e d f l o w s ) , c a p i t a l expenditure in the form of equipment, b u i l d i n g s , 
e t c e t e r a , or incorpora t ing a s soc i a t ed w h o l e s a l e r s . S t i l l another means 
of c o n t r o l l i n g goods ' f low i s to c o n t r o l the mode of t ranspor t from 
wholesa le to r e t a i l . Another t o o l a v a i l a b l e t o the producer f o r 
a f f e c t i n g the i n t e r n a l i n t e r a c t i o n s of h i s s e c t o r in t h i s system i s an 
information flow to the r e t a i l e r . Such information may c o n s i s t of 
s p e c i a l p r i c e s , or commodities a v a i l a b l e due to some f l u c t u a t i o n in or 
r e l a t e d to the wholesa le s e c t o r . Should the producer r e a l i z e some 
v i o l e n t o s c i l l a t i o n s w i th in h i s s e c t o r i t becomes obvious tha t those 
same o s c i l l a t i o n s may be t ransmit ted t o , and adve r se ly a f f e c t , the 
r e t a i l e r un less adequate c o n t r o l measures are pursued by the l a t t e r . 
These c o n t r o l measures and other information concerning the l i n k s 
between wholesa le and r e t a i l - purchase orders , goods f low, and other 
information - w i l l be d iscussed l a t e r when ana lyz ing the s p e c i f i c 
problems of the i n t e r n a l r e l a t i o n s h i p of the system being modeled. 
The market s e c t o r represents the consumer in t h i s system. The 
consumer r e c e i v e s goods from the r e t a i l e r . The ra te a t which goods 
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are shipped to the consumer i s based upon the demand r a t e , or the 
r e q u i s i t i o n s r ece ived a t r e t a i l from the consumer, and the a v a i l a b i l i t y 
of goods a t r e t a i l . I f more r e q u i s i t i o n s are rece ived than there are 
goods a v a i l a b l e , the goods are backordered. Otherwise r e q u i s i t i o n s 
are f i l l e d immediately from inven to ry . Although r e t a i l may often 
in f luence the ra te of demand by a d v e r t i s i n g and/or p r i ce v a r i a t i o n , 
t h i s system does not include those a l t e r n a t i v e s . Feedback information 
from r e t a i l to market i s in the form of good s e r v i c e a t r e t a i l , minimum 
l o s t s a l e s and good q u a l i t y merchandise. R e t a i l depends upon these 
good bus iness p r a c t i c e s to maintain e x i s t i n g customers and a t t r a c t 
new ones . The p a r t i c u l a r system being modeled has e s t a b l i s h e d i t s 
s t a b i l i t y over an extended period of y e a r s . I t i s there fore assumed 
that the p o l i c y of the c i t e d bus iness p r a c t i c e s i s s u c c e s s f u l , and the 
market i s e s s e n t i a l l y s t a b l e . S t a b i l i t y here i s not meant t o i n f e r a 
cons tan t demand func t ion , but r a the r a uniform funct ion wi th some 
v a r i a b i l i t y and f a i r l y p r e d i c t a b l e seasona l p a t t e r n s . For these reasons 
demand w i l l be handled as a system input , independent of the feedback 
from r e t a i l to market in the sense tha t t h i s beedback causes a s t a b l e 
market r e a c t i o n and does not produce v i o l e n t or unpredic tab le 
o s c i l l a t i o n s or t rends i n the market demand func t i on . 
The p e r i s h a b i l i t y l o s s s e c t o r of the system i s s i m i l a r to the 
market s e c t o r in tha t i t too represents a reduct ion of goods a t r e t a i l . 
I t s reduc t ion func t ion , analogous t o the market demand func t ion , i s 
approximated by the convex p e r i s h a b i l i t y func t ion d iscussed e a r l i e r . 
Goods a r r i v i n g a t r e t a i l from wholesa le are immediately subjec ted to the 
e f f e c t s of t h i s s e c t o r of the system j u s t as they are t o those of the 
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market s e c t o r . As the market demands are s a t i s f i e d those goods 
remaining a t r e t a i l "become l e s s marketable because of t h e i r pe r i shab le 
na ture . The system manager's d e c i s i o n as to the degree of q u a l i t y he 
requ i res of h i s goods determines the length of the per iod of market­
a b i l i t y , t ha t i s the maximum per iod over which any g iven item may be 
subjec ted to p e r i s h a b i l i t y (held in s to rage) and s t i l l be used t o 
s a t i s f y market demand. The ra te a t which goods pe r i sh i s dependent 
upon the convex p e r i s h a b i l i t y funct ion and the length of time goods are 
a v a i l a b l e in inven to ry . That de lay of goods in inventory v a r i e s 
cont inuous ly with the p e r i s h a b i l i t y r a t e , the ra te shipments are sent 
from r e t a i l , and the amount of inventory on-hand. The accumulation of 
pe r i shab le goods i s cont ro l led /minimized by c o n t r o l l i n g these r a t e s . 
C l e a r l y p e r i s h a b i l i t y accumulation w i l l be a monotonical ly non-decreas­
ing func t ion . One g o a l of the manager then i s to minimize the s lope of 
t h i s f unc t i on . 
The nucleus of t h i s system i s the r e t a i l s e c t o r . Requ i s i t i ons 
are r ece ived a t r e t a i l from the market s e c t o r , and in re turn goods are 
shipped back t o market. The d i f f e r ence between p o t e n t i a l and a c t u a l 
r o l e s represents l o s t s a l e s which must be minimized. The r e l a t i o n s h i p 
between p o t e n t i a l and a c t u a l s a l e s w i l l be d i scussed l a t e r . Upon 
r e c e i p t of r e q u i s i t i o n s the r e t a i l s e c t o r prepares and submits purchase 
s a l e s reques ts t o w h o l e s a l e . As in the case of every accumulation there 
i s a de lay a s soc i a t ed wi th the accumulation of r e q u i s i t i o n s a t r e t a i l . 
This accumulation may be c o n t r o l l e d by the r e q u i s i t i o n ra te and the 
purchase s a l e s r a t e . However, s ince the r e q u i s i t i o n ra te i s assumed 
to be an independent v a r i a b l e input , the manager may c o n t r o l r e q u i s i t i o n 
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accumulation only v i a the ra te a t "which he processes purchase s a l e s 
reques ts to w h o l e s a l e . In response to the purchase s a l e s requests the 
r e t a i l s e c t o r r e c e i v e s shipments of goods from wholesa le a f t e r an 
a s soc i a t ed inherent d e l a y . The model assumes tha t the r e t a i l e r has 
i d e n t i f i e d a s t a b l e wholesa le s e c t o r , negat ing the unfavorable e f f e c t 
of u n c o n t r o l l a b l y o s c i l l a t i n g goods ' a v a i l a b i l i t y . Goods accumulate a t 
r e t a i l and are shipped t o market in response t o the l e v e l of accumulation 
of u n f i l l e d o rde r s . Control of the inventory accumulation a t t h i s po in t 
i s c r i t i c a l , s ince the g r e a t e r the accumulation the more s i g n i f i c a n t 
the e f f e c t of p e r i s h a b i l i t y , and conver se ly the smal le r the accumulation 
the g r e a t e r the p o s s i b i l i t y of l o s t s a l e s . A c e r t a i n amount of goods 
p e r i s h e s , and tha t amount accumulates in a momotonically non-decreasing 
manner. Information concerning the ra te of accumulation of per ished 
goods i s fedback t o the r e t a i l s e c t o r , and the inventory accumulation i s 
reduced a p p r o p r i a t e l y . Hence, the manager, in order to c o n t r o l inventory 
accumulation, must c o n t r o l not only goods ' shipping and r e c e i v i n g r a t e s 
but a l s o the r a t e a t which per ished goods accumulate . This model assumes 
tha t c o n t r o l of p e r i s h a b i l i t y ra te may not be accomplished cont inuous ly , 
and only i n the case of a dominant e f f e c t on the system w i l l the 
p e r i s h a b i l i t y ra te be a r t i f i c a l l y c o n t r o l l e d by a means such as 
r e f r i g e r a t i o n . Otherwise continuous c o n t r o l of the ra te a t which 
per ished goods accumulate i s attempted by minimizing the amount and 
length of time inventory i s on-hand, thereby c o n t r o l l i n g the ra te a t which 
goods are a v a i l a b l e to p e r i s h . 
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Feedback Loops 
A f t e r e s t a b l i s h i n g the main s ec to r s in the sys tem's environment 
the next s tep in the methodology i s t o i d e n t i f y the feedback loops 
respons ib le f o r the sys tem's b e h a v i o r a l p a t t e r n s . R e c a l l i n g tha t f eed ­
back loops are comprised of accumulat ions, f low r a t e s , and a u x i l i a r i e s , 
an a d d i t i o n a l c h a r a c t e r i s t i c must now be cons idered . This i s e s s e n t i a l l y 
the fo rce which s t imula tes the c a u s a l adjustment w i th in the loop . As an 
accumulation of inventory ( f o r example) bu i lds up or i s reduced sub­
s t a n t i a l l y the c o n t r o l manager may be exposed t o some force or pressure 
t o ad jus t h i s inventory t o a "be t t e r " c o n d i t i o n . Forces may be in the 
form of excess s torage c o s t , too l i t t l e inventory to s a t i s f y o rders , and 
so f o r t h . The manager ad jus ts the appropr ia te f low r a t e s , information 
regarding the r e s u l t s of t h i s adjustment i s fedback, new pressures 
a re in t roduced, and the process i s renewed. The f o r c e s s t imula t ing 
a c t i o n in the system under a n a l y s i s w i l l be i d e n t i f i e d in t h i s d i s c u s s i o n 
of the s i g n i f i c a n t system feedback l o o p s . 
The f o r c i n g funct ion in t h i s system o r i g i n a t e s i n the market 
s e c t o r . For a v a r i e t y of reasons pressures f o r more goods bu i ld up in 
the market, which may be thought of as an accumulation of t h i s sys tem's 
end product . Those p ressures manifest themselves as a v a r i a b l e demand 
upon the r e t a i l s e c t o r . Demands accumulate in the form of an u n f i l l e d 
order r a t e . A l l orders are considered u n f i l l e d i n i t i a l l y , though the 
wa i t i ng per iod may range from almost immediate f i l l t o s e v e r a l days . 
The accumulation of u n f i l l e d orders in t roduces a pressure upon the 
manager t o s a t i s f y these demands. His a l t e r n a t i v e s are to f i l l the 
orders w i t h inventory a v a i l a b l e a t r e t a i l , backorder the r e q u i s i t i o n , 
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or refuse the r e q u i s i t i o n . Since h i s p o l i c y i s to minimize the l a t t e r 
a l t e r n a t i v e he i s u l t i m a t e l y faced wi th the problem of submitt ing 
purchase s a l e s requests to wholesa le fo r a d d i t i o n a l goods in order 
to s a t i s f y demand and/or r ep lace s t o c k . A r e l a t ed pressure i s h i s 
awareness of market condi t ions as va r ious seasons approach, and he must 
submit advance purchase s a l e s reques ts t o wholesale in order t o have 
goods a v a i l a b l e f o r tha t an t i c ipa t ed season (Figure 5) . 
The pressures r e s u l t i n g from an accumulation of purchase s a l e s 
requests a t wholesa le fo r ce s the producer to a c t i o n . Our i n t e r e s t in 
t h i s study i s p r i n c i p a l l y in the r e s u l t s of tha t a c t i o n as pe r t a ins to 
the ra te of shipment of goods rece ived a t r e t a i l . I t i s recognized 
as a weakness of t h i s model t h a t the cause and e f f e c t i n t e r a c t i o n s 
within the wholesa le s e c t o r are not inc luded . Changing production 
r a t e , employment l e v e l s , c a p i t a l equipment, raw ma te r i a l s , v a r i a b l e 
production completion t imes , and r e l a t ed pressures and fo rce s are a l l 
r e l evan t and extremely important to the dynamics of t h i s system. 
Nonetheless i t i s p o s s i b l e t o l ea rn something of the behavior of the 
p e r i s h a b l e , seasona l c o n t r o l system by assuming tha t the p roduc t ion / 
procurement f a c i l i t y included in the wholesale s e c t o r i s s t a b l e . 
Therefore , only the r a t e a t which shipments are rece ived a t r e t a i l 
r e s u l t i n g from the purchase s a l e s reques ts from r e t a i l are of i n t e r e s t . 
As shipments are r ece ived a t r e t a i l pressures in the form of 
excess s torage c o s t s and l imi t ed s torage c a p a c i t y prompt the system 
manager t o a c t i o n . The obvious po in t of r e l i e f of these pressures 
i s the shipment of goods t o market, s a t i s f y i n g demands and c l o s i n g the 
l oop . I t i s the ra te of shipments sent from r e t a i l wi th which we are 
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Figure 5• Bas ic Information Flow. 
Figure 6. Basic Information and Goods Flow. 
I—' 
32 
i n t e r e s t e d . A r e l a t ed a l t e r n a t i v e to r e l i e v i n g the pressures r e s u l t i n g 
from the s i z e of inventory accumulation a t r e t a i l i s to s t imula te 
a d d i t i o n a l demands through a d v e r t i s i n g . Since t h i s system r e l i e s on 
product q u a l i t y and s e r v i c e fo r i t s advert isement , tha t a l t e r n a t i v e i s 
assumed t o be included in shipping goods t o market. Hence the manager 
may r e l i e v e the f o r c e s a s soc i a t ed wi th inventory accumulation by: 
(1) Ship goods t o market. 
(2) Backorder . 
(3) Lost S a l e s . 
A nega t ive e f f e c t of the pressures from inventory accumulation 
i s manifest in p e r i s h a b i l i t y l o s s . A l l inventory a t r e t a i l i s sub jec t 
to p e r i s h i n g , and the longer inventory i s maintained on-hand the 
g r e a t e r the p o t e n t i a l l o s s . The length of time inventory i s delayed at 
r e t a i l i s a func t ion of the amount of inventory on-hand and the average 
ra t es of f low out of r e t a i l both to market and to p e r i s h a b i l i t y l o s s . 
The p e r i s h a b i l i t y ra te then v a r i e s cont inuous ly wi th tha t de lay , or 
a v a i l a b i l i t y per iod , a t r e t a i l , and the p e r i s h a b i l i t y funct ion i s 
uniquely defined f o r any g iven product . From the poin t of view of 
minimizing p e r i s h a b i l i t y l o s s i t appears e s s e n t i a l tha t the de lay 
per iod of goods a t r e t a i l must be minimized. Yet the shor te r the 
a v a i l a b i l i t y per iod the l e s s opportuni ty the r e t a i l e r has to s e l l h i s 
product , thereby i nc r ea s ing the p r o b a b i l i t y of l o s t s a l e s . Percent of 
s a l e s l o s t i s a measure of the d i f f e r e n c e between p o t e n t i a l and a c t u a l 
s a l e s , the l a t t e r being a funct ion of both the former and the amount 
of time the product i s exposed t o the market. As the exposure or 
a v a i l a b i l i t y per iod i s extended a c t u a l s a l e s c l o s e l y approximates 
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p o t e n t i a l s a l e s , and l o s t s a l e s are minimized. A flow diagram of these 
r e l a t i o n s h i p s i s i l l u s t r a t e d in Figure 7* 
System Var i ab l e s 
As i s the case of any system, the behavior of c e r t a i n v a r i a b l e s 
w i th in the pe r i shab l e , seasonal inventory c o n t r o l system determines 
i t s r e s u l t a n t output . I t i s of ten d i f f i c u l t fo r the system manager 
to eva lua te the r e l a t i v e s i g n i f i c a n c e of each of these v a r i a b l e s , and 
in a l l l ike lyhood tha t s i g n i f i c a n c e w i l l f l u c t u a t e as the season v a r i e s 
More important the manager may f r equen t ly have to d e a l wi th v a r i a b l e s 
over which he has only l imi t ed c o n t r o l . In t h i s system these v a r i a b l e s 
of l imi t ed c o n t r o l e s t a b l i s h the b a s i s upon which the manager formulate 
opera t ing d e c i s i o n s by manipulating the system v a r i a b l e s w i t h i n h i s 
d i r e c t c o n t r o l . The fo l l owing i s a d i s c u s s i o n of the v a r i a b l e s deemed 
s i g n i f i c a n t in t h i s system. 
( l ) Limited Con t ro l . 
The f i r s t v a r i a b l e t o be d i scussed dea l s d i r e c t l y wi th 
p e r i s h a b i l i t y . Every product wi th t h i s c h a r a c t e r i s t i c has a uniquely 
defined p e r i s h a b i l i t y func t ion . For the purpose of t h i s study tha t 
funct ion w i l l behave g e n e r a l l y as shown in Figure 1. S p e c i f i c a l l y the 
func t ion used in the mathematical model s imula t ion i s i l l u s t r a t e d in 
F igure 8. 
This funct ion may be descr ibed in DYNAMO s imula t ion computer 
language as f o l l o w s : 
FRA.K = TABHL (DEC, AVDL.K, 0, lh, l ) 
DEC* = 0 / l /3/7A 6 / 2 5 /38 /50/62/75 /8V93 /97/99 / lOO 
3^ 
Figure 7« System Model. 

These equat ions represent f i f t e e n s e t s of data po in t s which def ine 
an a r b i t r a r y p e r i s h a b i l i t y f unc t i on . As the average de lay of goods in 
inventory v a r i e s the f r a c t i o n a l amounts of p e r i s h a b i l i t y v a r i e s so that 
a f t e r one day the on-hand inventory has perished a t o t a l of 1 per cen t , 
two days 3 per cen t , and so f o r t h . This p a r t i c u l a r func t ion i s defined 
pure ly f o r the academic purpose of ana lyz ing the impact of p e r i s h a b i l i t y 
on an inventory c o n t r o l system. In order t o adapt the model to h i s 
p a r t i c u l a r system a inanager need only rep lace the assumed data wi th h i s 
p a r t i c u l a r data po in t s of per cent p e r i s h a b i l i t y over t ime. The l imi ted 
c o n t r o l a manager may e x e r c i s e over t h i s v a r i a b l e i s manifest in 
techniques such as r e f r i g e r a t i o n , handl ing, and packaging . Cont ro l i s 
l imi t ed in the sense tha t e v e n t u a l l y the product w i l l p e r i s h . Nonethe­
l e s s , tha t e v e n t u a l l y may be retarded and the shape of the p e r i s h a b i l i t y 
func t ion a l t e r e d by a nurtlber of p rocedura l innovat ions such as those 
c i t e d . That a l t e r n a t i v e might be c o s t l y however, and the manager must 
be able t o measure as c l o s e l y as p o s s i b l e the va lue of such a move. 
Another v a r i a b l e over which the system manager e x e r c i s e s only 
l imi t ed c o n t r o l i s s a l e s r a t e . Sa l e s ra te i s considered here t o be a 
funct ion of the number of demands made upon the r e t a i l s e c t o r by the 
market s e c t o r and the a v a i l a b i l i t y of goods in inven to ry . As has 
a l r eady been d i scussed , the market demand, or p o t e n t i a l s a l e s r a t e , 
i s assumed to be an independent v a r i b l e inpu t . Hence, the manager may 
e x e r c i s e l imi t ed c o n t r o l over a c t u a l s a l e s ra te only v i a the r e l a t i o n ­
ship between product a v a i l a b i l i t y a t r e t a i l and i t s e f f e c t upon the 
market. Again as an academic t o o l f o r modeling purposes a gene ra l 
f u n c t i o n a l r e l a t i o n s h i p between p o t e n t i a l s a l e s and product a v a i l a b i l i t y 
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i s assumed to e x i s t as i l l u s t r a t e d in Figure 9« This funct ion may 
"be descr ibed in DYNAMO s imula t ion computer language as f o l l o w s : 
FRA.K = TABHL (SAL, AVDL.K, 0, 5, l ) 
SAL* = O/50/78/90/98/99/lOO 
I f the product i s a v a i l a b l e f o r s a l e in inventory fo r one day there i s 
a 50 per cent p r o b a b i l i t y that a p o t e n t i a l s a l e w i l l be s a t i s f i e d , 
two days , 78 per cen t , and so f o r t h . As in the case of the p e r i s h ­
a b i l i t y func t ion , the in t en t here i s not to def ine a p a r t i c u l a r a v a i l ­
a b i l i t y / p r o b a b i l i t y r e l a t i o n s h i p , but merely to e s t a b l i s h the ex i s t ance 
of such a r e l a t i o n s h i p and i t s s i g n i f i c a n c e t o the system. Each 
product w i l l have a unique func t i ona l r e l a t i o n s h i p , and the manager may 
e x e r c i s e l imi t ed c o n t r o l over the f u n c t i o n ' s pa t t e rn by a d v e r t i s i n g 
and/or h i r i n g a d d i t i o n a l s a l e s personnel , as w e l l as extending the 
p roduc t ' s a v a i l a b i l i t y per iod as in the case of the p e r i s h a b i l i t y 
f u n c t i o n . The manager 's a c t u a l s a l e s ra te i s a por t ion of the p o t e n t i a l 
s a l e s r a t e , t h a t por t ion defined by the s a l e s p r o b a b i l i t y func t ion ; 
and h i s l o s t s a l e s i s a measure of the d i f f e r ence between p o t e n t i a l 
and a c t u a l s a l e s . 
Probably the most s i g n i f i c a n t v a r i a b l e over which the manager 
has only l imi t ed c o n t r o l i s the average amount of time tha t pe r i shab le 
goods are a v a i l a b l e on-hand in inventory , h e r e a f t e r r e fe r r ed to as the 
average d e l a y . The average de lay i s a funct ion of the current l e v e l 
of on-hand inventory and the ra te a t which tha t l e v e l i s deple ted both 
by market consumption and p e r i s h a b i l i t y . In t h i s model the market 
100 
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Figure ^ . Sa les P r o b a b i l i t y Funct ion . 
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consumption ra te w i l l "be tha t ra te a t which a l l u n f i l l e d orders are 
f i l l e d or inventory l e v e l i s deple ted whichever occurs f i r s t . No. 
c o n t r o l mechanism in the form of backorder accumulation and r e l a t e d 
f lows i s provided f o r the manager. A d d i t i o n a l l y a r t i f i c i a l c o n t r o l 
of p e r i s h a b i l i t y ( r e f r i g e r a t i o n ) w i l l be defer red i n f avo r of more 
imag in i t i ve managerial e f f o r t s , whi le such c o n s t r u c t i v e e f f o r t s are 
y e t a v a i l a b l e . Therefore , the manager has only the current on-hand 
inventory l e v e l a v a i l a b l e to him as a means of c o n t r o l l i n g i t s average 
de lay a t r e t a i l . Since tha t l e v e l i s a l s o a funct ion of the ra te a t 
which goods are r ece ived a t r e t a i l , c o n t r o l of the l a t t e r f low r a t e i s 
the manager 's c h i e f means of c o n t r o l l i n g average d e l a y . In t h i s model 
the r a t e a t which goods are rece ived a t r e t a i l i s d i r e c t l y p ropor t iona l 
t o the r a t e a t which the manager reques ts goods from w h o l e s a l e . Hence 
h i s c o n t r o l of average de lay i s u l t i m a t e l y achieved through h i s c o n t r o l 
of the purchase s a l e s request ra te and the v a r i a b l e s and parameters 
included t h e r e i n . 
(2) D i r e c t C o n t r o l . 
A number of parameters in the p e r i s h a b l e , seasona l inventory 
c o n t r o l system a l low the manager a means of d i r e c t c o n t r o l over h i s 
sys tem 's output . At t h i s po in t those parameters, a l l of which are time 
r e l a t e d , w i l l be i d e n t i f i e d and d i scussed b r i e f l y . An e v a l u a t i o n of 
the s e n s i t i v i t y of the model t o t h e i r va r i ance w i l l "be defer red u n t i l 
the complete model of s imula t ion equat ions i s cons t ruc ted and i t s 
output ana lyzed . 
S e v e r a l of the d i r e c t c o n t r o l parameters under cons ide ra t i on 
are r e fe r r ed t o i n I n d u s t r i a l Dynamics as sys tem's d e l a y s . The s i g n -
ho 
i f i c a n t de l ays i n t h i s system inc lude but are not l imi ted t o : 
(a) the de l ay in f i l l i n g orders a t r e t a i l . 
(b) the d e l a y i n sending purchase s a l e s reques ts t o wholesa le 
in order t o r e f i l l deple ted inven to ry . 
( c ) the de lay a s soc i a t ed wi th the cus tomer ' s becoming aware 
of product a v a i l a b i l i t y a t r e t a i l . 
(d) the de lay of goods in t r a n s i t from wholesa le t o r e t a i l . 
(e) the d e l i y a s soc i a t ed wi th ad jus t ing inventory based on 
the e r r o r e x i s t i n g between a c t u a l and des i red inventory l e v e l . 
( f ) the de lay a s soc i a t ed wi th ad jus t ing inventory based on 
the product p e r i s h a b i l i t y r a t e . 
Other time r e l a t e d d i r e c t c o n t r o l parameters i nc lude : 
(a) the averaging time constant used t o compute the average 
ra te of f low of goods t o market and t o p e r i s h a b i l i t y l o s s . 
(b) the time cons tan t used f o r smoothing r e q u i s i t i o n o r a c t u a l 
s a l e s r e c e i p t r a t e . 
( c ) the averaging time cons tant used t o compute the long range 
a c t u a l and p o t e n t i a l s a l e s r a t e . 
(d) the cons tant used t o determinize the des i red amount of 
inventory to have on-hand con t inuous ly over same f i xed predetermined 
per iod of t ime . 
With the p o s s i b l e excep t ion of in t r a n s i t d e l a y of goods from wholesa le 
t o r e t a i l the manager may e x e r c i s e cons iderab le d i r e c t c o n t r o l over h i s 
sys tem ' s output through these parameters and v a r i a b l e s . Moreover the 
t r a n s i t de l ay too may be d i r e c t l y c o n t r o l l e d by the manager by h i s 
r equ i r i ng under con t r ac t a c e r t a i n degree of responsiveness of wholesa le 
to h i s needs . As w i l l be seen l a t e r the manager may even be w i l l i n g 
to accept a more expensive con t r ac t depending upon the impact of t h i s 
de l ay on h i s system. 
System Costs 
Inherent in most inventory c o n t r o l problems are c o s t cons ide r ­
a t ions wi th which the manager must d e a l con t inuous ly . Although a broad 
v a r i e t y of c o s t s are involved in t h i s system only those which are unique 
t o p e r i s h a b l e , seasona l inventory w i l l be d i s c u s s e d . Moreover, these 
p a r t i c u l a r c o s t s , namely p e r i s h a b i l i t y and l o s t s a l e s , are unique to 
the system c h i e f l y in t h e i r mutual ly opposing r e l a t i o n s h i p , which may 
be balanced by proper c o n t r o l of the average d e l a y . 
During the course of normal opera t ions a manager may r e a l i z e a 
va ry ing amount of c o s t r e s u l t i n g from p e r i s h a b i l i t y . That c o s t 
f l u c t u a t e s wi th p e r i s h a b i l i t y r a t e , and i s the re fo re g r e a t e r the longer 
the product i s on-hand at r e t a i l . A t y p i c a l c o s t func t ion f o r p e r i s h ­
a b i l i t y i s i l l u s t r a t e d in Figure 10 . Notice thai. Luis f i g u r e , p l o t t e d 
aga ins t t ime, po r t r ays the range over which a manager may expect h i s 
product t o be on-hand on the ave rage . The c o s t v a r i e s between X 1 and 
Y ' g iven t h i s p a r t i c u l a r s e t of c o n d i t i o n s . The p e r i s h a b i l i t y cos t 
func t ion t y p i f i e s a means by which a manager may analyze h i s own system 
simply by p r o j e c t i n g in t h i s way appropr ia te information on a g iven 
product . Although d i f f e r e n t products w i l l understandably have d i f f e r e n t 
a s s o c i a t e d va lues f o r average de lay and c o s t ranges, an app rec i a t i on 
f o r the i n t e r - r e l a t i o n s h i p between these two v a r i a b l e s i s s t r e s sed here, 
p rov id ing f o r a f u l l e r and more gene ra l understanding of the dynamics 
involved in the manager ia l c o n t r o l of p e r i s h a b l e , seasona l i nven to ry . 
K2 
^3 
A s i m i l a r c o s t c o n s i d e r a t i o n i s manifest in the form of l o s t s a l e s . 
As was d i scussed e a r l i e r as the average time tha t goods are a v a i l a b l e 
f o r s a l e a t r e t a i l i s extended, the p r o b a b i l i t y of consumating tha t s a l e 
i s improved, or the p r o b a b i l i t y of a l o s t s a l e i s reduced. By quan t i ­
t a t i v e l y r e l a t i n g a c o s t va lue to the per cent of l o s t s a l e s i t becomes 
apparent t ha t as he reduces h i s p r o b a b i l i t y of l o s t s a l e s by extending 
the average de l ay the system manager may l i k e w i s e reduce the c o s t 
a s s o c i a t e d wi th l o s t s a l e s . This r e l a t i o n s h i p i s i l l u s t r a t e d in Figure 
1 1 . In a manner analogous t o the p e r i s h a b i l i t y c o s t funct ion l o s t 
s a l e s c o s t s va ry i n v e r s e l y wi th average d e l a y . Now the manager i s 
burdened wi th l i m i t i n g c o n s t r a i n t s wherein he may not reduce h i s average 
d e l a y i n d i s c r i m i n a t e l y because of the l o s t s a l e s c o s t . S i m i l a r l y by 
extending h i s average de lay t o reduce l o s t s a l e s the manager genera tes 
an increased c o s t a s soc i a t ed wi th p e r i s h a b i l i t y l o s s . C l e a r l y there 
may e x i s t some b e s t range over which the average de lay snould vary to 
minimize both p e r i s h a b i l i t y as w e l l as l o s t s a l e s c o s t s . 
By combining the two c o s t funct ions and summing them to f ind the 
t o t a l c o s t func t ion the average de l ay range fo r minimizing t o t a l c o s t 
becomes apparent . A d d i t i o n a l l y the e f f e c t on p e r i s h a b i l i t y c o s t and 
l o s t s a l e s c o s t r e s u l t i n g from ad jus t ing the system to t h i s new average 
de lay may be observed. These r e l a t i o n s h i p s are I l l u s t r a t e d in Figure 
12. By adopting the p o l i c y of d e l a y i n g goods i n inventory on the average 
between X and Y days , the c o s t of l o s t s a l e s v a r i e s between A and B and 
the c o s t of p e r i s h a b i l i t y l o s s between C and D. Assuming, however, 
t ha t the dynamics of the system c u r r e n t l y provide f o r an average 
d e l a y between X' and Y ' (Figure 13),, the manager i s now faced with the 
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Figure 13. Undesirable TC/AVDL Combination 
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problem of i n f luenc ing those dynamics so as to adjust h i s average 
de lay and minimize t o t a l c o s t . In the d i s c u s s i o n of system v a r i a b l e s 
over which the manager has only l imi t ed c o n t r o l i t was pointed out 
t h a t the average de lay i s the p r i n c i p a l means of c o n t r o l l i n g c o s t s in 
t h i s model and may be inf luenced only v i a the ra te at which purchase 
r eques t s , i nc lud ing continuous adjustment fo r e r ro r , are sent t o 
w h o l e s a l e . As w i l l be demonstrated in the next chapter a system 
adjustment of t h i s nature requ i res an in-depth understanding of the 
i n t e r n a l c a u s a l r e l a t i o n s h i p s w i th in the feedback loops of the system 
under a n a l y s i s . 
System Equation 
When w r i t i n g the equat ions f o r a system simulated in DYNAMO 
computer language, the concept of time i s extremely s i g n i f i c a n t . P a s t , 
p resen t and future a c t i o n s , des ignated J, K and L r e s p e c t i v e l y are 
separated by an increment of t ime, DT, the length of which i s based 
p r i m a r i l y on the degree of accuracy the model des igner s e e k s . The 
i n t e r v a l s between each of these per iods are designated JK and KL 
r e s p e c t i v e l y and represent passage from pas t to present and present 
to f u t u r e . 
Although many of the equat ions tha t fo l l ow and t h e i r i n t e r p r e t ­
a t i ons may be found in Chapter 15, I n d u s t r i a l Dynamics, they are 
included here f o r c l a r i t y and c o n t i n u i t y . 
The f i r s t equat ion of i n t e r e s t in t h i s model represents the 
l e v e l of inventory of pe r i shab le goods c u r r e n t l y a t r e t a i l . 
IAR.K = IAR.J + (DT)(SRR.JK-SSR.JK) 
IAR = Inventory A c t u a l l y a t R e t a i l (goods) 
SRR = Shipment Received at R e t a i l (goods/day) 
SSR = Shipments Sent from R e t a i l (goods/day) 
DT = D e l t a Time (days) 
P h y s i c a l l y t h i s equat ion means t ha t the current l e v e l of inventory 
a t r e t a i l equals y e s t e r d a y ' s l e v e l p lus the d i f f e r e n c e "between the 
amount of goods shipped from and r ece ived a t r e t a i l between yes t e rday 
and today. S i m i l a r l y the l e v e l of u n f i l l e d orders at r e t a i l may be 
expressed as f o l l o w s : 
UOR.K = UOK.J + (DT) (RRR.JK-SSR.JK) 
UOR = U n f i l l e d Orders at R e t a i l (goods) 
RRR = A c t u a l s a l e s Rate Received a t R e t a i l (goods/day) 
The ra te a t which shipments may be sent from r e t a i l i s dependent upon 
the l e v e l of inventory and number of u n f i l l e d o rde r s . The maximum 
amount tha t may be sent to market wi thout the inventory becoming 
nega t ive i s : 
NIR.K = IAR.K/DT 
NIR = Negat ive Inventory a t R e t a i l (goods/day) 
Moreover the number of goods shipped cannot exceed the demand. Hence 
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the number of shipments from r e t a i l attempted must be l e s s than or 
equal to the number of u n f i l l e d o rde r s . 
STR.K = U O R . K / D F R 
STR = Shipments Tr ied from R e t a i l (goods/day) 
DFR = Delay in F i l l i n g orders a t R e t a i l (days) 
The a c t u a l shipment rato then i s the minimum of those two c o n d i t i o n s . 
SSR.KL = MEN (STR.K, NIR.K) 
SSR = Shipment Sent from R e t a i l (goods/day) 
The r a t e a t which s a l e s reques ts are sent from r e t a i l to wholesa le i s 
determined by the ra te a t which a c t u a l s a l e s are consumated and the 
manager 's d e c i s i o n concerning how long t o de lay reques t ing replacement 
s tock a f t e r a s a l e . In t h i s model the s a l e s request ra te t o wholesa le 
i s approximated by a t h i rd order de l ay as d i scussed in F o r r e s t e r ' s 
I n d u s t r i a l Dynamics ( l 6 ) . 
WHL.K = DEIAY3(RRR.JK,DEL) 
WHL = S a l e s reques ts of WHoLesale (goods/day) 
DEL = DELay in submit t ing s a l e s reques ts to wholesa le (days) 
The purchase s a l e s request ra te then i s adjusted to compensate f o r the 
d i f f e r e n c e between the a c t u a l l e v e l of inventory a t r e t a i l and the man­
a g e r ' s des i r ed g o a l f o r maintain some l e v e l of inventory a t r e t a i l . The 
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system does not respond immediately to the error in inventory l e v e l , 
and the model must include a compensating adjustment time. 
PSR.KL = WHL.JK + (l /SAT)(lDR.K-IAR.K) 
PSR = Purchase Sales Requests (goods/day) 
DEL = Delay in submitting sales request to wholesale (days) 
SAT = Secondary Adjustment Time (days) 
IDR = Inventory l e v e l Desired at R e t a i l (goods) 
The desired l e v e l of inventory i s purely a managerial decision and i s 
"based upon the l e v e l of inventory he deems necessary to sustain 
operation over some fixed period of time plus a fac tor compensating 
for the amount of loss he may expect due to p e r i s h a b i l i t y . As in the 
case of the error between ac tua l and desired inventory l e v e l , there 
i s an adjustment time which must be included to provide for th i s 
p e r i s h a b i l i t y l o s s . 
IDR.K = (AIR)(RSR.K) + (AIL)(ERR2.K) 
AIR = proport iona l i ty constAnt between Inventory and average 
sa les at R e t a i l (days) 
AIL = proport ional i ty constAnt between Inventory and average 
p e r i s h a v i l i t y Loss at r e t a i l (days) 
RSR = a c t u a l sa les Requests Smoothed at R e t a i l (goods/day) 
ERR2 = ERRor in inventory l e v e l given by d a i l y p e r i s h a b i l i t y 
(goods/day) 
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The smoothed value of the a c t u a l s a l e s reques ts i s a c t u a l l y an averaged 
value computed over whatever period i s required to accumulate appropriate 
information and sub jec t Lo d i r e c t managerial c o n t r o l . The same ic t rue 
of the smoothed va lue of the p e r i s h a b i l i t y r a t e , re fe r red to as the 
e r r o r . 
RSR.K = RSR.J +• (DT)(l/DRR)(RRR. JK-RSR. J ) 
D'RR = r e q u i s i t i o n smoothing time constant (days) 
E R R 2 . K = E R R 2 . J + (DT) ( l /PAT) (PER . JK-ERfv ' . j ) 
PAT = Primary Adjustment Time (days) 
PER = P E R i s h a b i l i t y ra te (goods/day) 
The ra te at which goods are r ece ived a t r e t a i l from wholesa le i s 
considered to be a funct ion of the ra te a t which purchase s a l e s requests 
are sent to w h o l e s a l e . The time l a g a s soc i a t ed wi th having goods in 
t r a n s i t i s again provided fo r by a th i rd order de lay approximation 
between purchase s a l e s reques ts r a t e and r e c e i p t of goods r a t e . 
SRR.KL = DELAY 3( PSR ,JK,DTR) 
DTR = Delay per iod in TRansit (days) 
The p e r i s h a b i l i t y por t ion of the model may be thought of as a mono-
t o m i c a l l y nondecreasing accumulation of per ished goods . 
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LOS.K = LOS.J + (DT)(PER.JK) 
LOS = LOSs due to p e r i s h a b i l i t y (goods) 
The cur ren t l e v e l of accumulation i s the sum of y e s t e r d a y ' s l e v e l and 
that amount which has perished s i n c e . The p e r i s h a b i l i t y ra te i s a 
f r a c t i o n of the cur ren t l e v e l of inven tory . 
t'Eh.KL = ( .01)(FRA.K)(IAR.K) 
FRA = p e r i s h a b i l i t y funct ion defined e a r l i e r (per cen t /day) 
As p r e v i o u s l y d iscussed the po r t ion of inventory tha t pe r i shes daily-
i s a funct ion of the l eng th of time goods are delayed in inven tory . 
The average de lay may be determined by d i v i d i n g the current inventory 
l e v e l by the sum of the average r a t e s of flow of goods out of r e t a i l . 
AVDL.K = (IAR.K)/(ATM.K + ATL.K) 
AVDL = Average DeLay a t r e t a i l (days) 
ATM = Average ra te of f low To Market (goods/day) 
ATL = Average ra te of f low To Loss accumulation (goods/day) 
And the average r a t e s of f low of goods out of r e t a i l both to market 
and t o the accumulation of per ished goods are c a l c u l a t e d in a manner 
s i m i l a r t o the smoothed s a l e s r a t e . The period of time over which the 
average i s eva lua ted i s sub jec t to the manager's d i r e c t c o n t r o l and i t s 
va r iance might have some s i g n i f i c a n c e in h i s sys tem's output . 
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ATM.K = ATM.J + (DT)(l/AVT)(SSR.JK-ATM.j) 
ATL.K = ATL.J + (DT)(l /AVT)(PER.JK-ATL.j) 
AVT = Averaging Time fo r c a l c u l a t i o n (days) 
As p r e v i o u s l y mentioned the a c t u a l s a l e s ra te of goods rece ived at 
r e t a i l i s considered to "be a func t ion of the p o t e n t i a l s a l e s r a t e , an 
independent input v a r j u i 1 . 
RRR.KL = DELAY3(AUX.JK, DTC) 
AUX.JK = ( . 0 1 ) ( F R A C . K ) ( P R R . J K ) 
PRR = P o t e n t i a l s a l e s Rate at R e t a i l (goods/day) 
DTC = Delay in T e l l i n g Customers of inventory l e v e l (days) 
AUX = A u x i l i a r y va r i ab le 
FRAC = p r o b a b i l i t y s a l e s r a t e func t ion def ined e a r l i e r (prob) 
The a c t u a l s a l e s ra te i s subjec ted t o a de lay r e l a t ed to customers 
becoming aware of what inventory i s a v a i l a b l e a t r e t a i l . Again the 
manager may e x e r c i s e cons ide rab le in f luence over the length of t h i s 
de l ay , advancing or r e t a rd ing i t t o the degree he deems appropr i a t e . 
A p r i n c i p a l t o o l used by the manager in formulat ing such d e c i s i o n s i s 
h i s l o s t s a l e s r a t e . A measure of the d i f f e r e n c e between p o t e n t i a l and 
a c t u a l s a l e s , the l o s t s a l e s r a t e may be evalua ted as f o l l o w s : 
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PIS.K = (lOO)(LRP.K-LRA.K)/LRP.k 
PSL = Per cent Lost Sa l e s (per cen t ) 
LRP = Long Range average P o t e n t i a l s a l e s ra te (goods/day) 
LRA = Long Range average A c t u a l s a l e s ra te (goods/day) 
The long range average p o t e n t i a l and a c t u a l s a l e s r a t e s are merely 
smoothed ve r s ions of t h e i r cur rent v a l u e s , w i th the averaging constant 
determined a t the manager's d i s c r e t i o n . 
LRP.K = LRP.J + (DT)(1/AVG)(PRR.JK-LRP.J) 
LRA.K = LRA.J + (DT)(l/AVG)(RRR.JK-LRA.j) 
AVG = averaging time constant (days) 
The d a i l y t o t a l c o s t ra te f o r p e r i s h a b i l i t y and l o s t s a l e s i s the sum 
of the two i n d i v i d u a l d a i l y c o s t r a t e s . 
TC.K = ISC.K + LGC.K 
TC = T o t a l Cost ( d o l l a r s / d a y ) 
ISC = Lost Sa l e s Cost ( d o l l a r s / d a y ) 
LGC = Lost Goods Cost ( d o l l a r s / d a y ) 
And the cumulat ive c o s t s are as f o l l o w s : 
CTCK = C T C . J + (DT)(TC.K/DAY) 
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CLSC.K = CLSC.J + (DT)(LSC.K/DAY) 
CLGC.K = CLGC.J + (DT) ( LGC . K/DAY) 
CTC = Cumulative T o t a l Cost ( d o l l a r s ) 
CLSC = Cumulative Lost Sa les Cost ( d o l l a r s ) 
CLGC = Cumulative Lost Goods Cost ( d o l l a r s ) 
DAY time constant (days) 
These equat ions t oge the r wi th the i n i t i a l condi t ions under which the 
model was simulated represent the p e r i s h a b l e , seasona l inventory 
system; t h e i r interdependence i s i l l u s t r a t e d in Figure 7 , and they 




I n i t i a l Condit ions 
Since the system being modeled presumedly e x i s t s in the time 
dour in , c r r t a i n i n i t i a l cond i t ions must be defined fo r the mathematical 
model to s imulate i t s previous e x i s t a n c e . One assumption normally made 
i s t h a t the system i s a t s teady s t a t e wi th i t s environment. Hence, no 
e r r o r e x i s t s between des i red and a c t u a l inventory l e v e l , and IAR = IDR. 
Fur ther the smoothed s a l e s ra te equals a c t u a l s a l e s r a t e , RSR = RRR, 
and the number of orders u n f i l l e d i s merely a delayed value of the 
s a l e s r a t e , UOR = (DFR)(RRR). The s imula t ion i s t o be conducted over 
some per iod and only the accumulation of per ished goods during that 
per iod i s of i n t e r e s t . Therefore i n i t i a l l y the accumulation i s 
assumed to be a r e l a t i v e ze ro , LOS = 0, as i s the f r a c t i o n a l pa r t of 
goods in inventory having per i shed , FRA = 0. The average ra te t ha t 
goods l eave r e t a i l i s i n i t i a l l y equated both to p e r i s h a b i l i t y ra te and 
shipment ra te app rop r i a t e ly , ATM = SSR and ATL = PER. S i m i l a r i l y 
the long range a c t u a l and p o t e n t i a l s a l e s r a t e s are equated i n i t i a l l y 
to t h e i r r e s p e c t i v e current a c t u a l and p o t e n t i a l s a l e s r a t e , LRA = RRR 
and LRP = PRR. F i n a l l y i t i s assumed i n i t i a l l y that there are no l o s t 
s a l e s . Hence the p r o b a b i l i t y tha t a p o t e n t i a l s a l e i s consumated Is 
one, FRAC = 100. 
The independent v a r i a b l e system input , p o t e n t i a l s a l e s in t h i s 
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ca se , i s determined by the model des igner to be s t approximate the 
cond i t i on being modeled. In t h i s model to s imulate seasona l f l u c t ­
ua t ions a s i n e s o i d a l input funct ion w?as s e l e c t e d wi th a period of 
f o r t y - f i v e d a y s . A d d i t i o n a l l y the func t ion was designed to f l u c t u a t e 
about some b a s i c constant number tha t a s t a b l e system might e x p e c t . 
The equat ions f o r t h i s input func t ion are as f o l l o w s : 
PRE.KL = RRI + RCR.K 
RCR.K = (STH)SIN((2PI)(TIME.K)A5) 
STH = amplitude 
RRI = cons tant Rate of s a l e s a t R e t a i l I n i t i a l l y (goods/day) 
RCR = R e q u i s i t i o n Change a t R e t a i l (goods/day) 
Constants 
The f o l l o w i n g parameters were considered v a r i a b l e s i n previous 
d i s c u s s i o n , but are r e fe r red t o and t r e a t e d as cons tants i n the simu­
l a t i o n model, s ince they remain f i x e d f o r the dura t ion of any g iven 
s imula t ion "run". However, they are indeed v a r i a b l e in the sense 
t ha t the model des igne r may vary t h e i r va lues in subsequent s imulat ion 
"runs" t o eva lua te the model 's s e n s i t i v i t y to any one or s e v e r a l such 
parameters . The v a l u e s l i s t e d below w i l l be considered the bas i c s e t 
which determine the e x i s t i n g model output, and v a r i a t i o n s of t h i s 
s e t w i l l be explored when s t imu la t ing and ana lyz ing d i f f e r e n t model 
output . 
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AVG = 30 days 
AIR 8 days 
AIL = 2 days 
DFR = 1 day 
SAT = k days 
PAT = 10 days 
AVT = 5 days 
DEL = 2 days 
DTC 1 day 
DRR = 8 days 
DTR = 2 days 
RRI = 1000 goods/day 
STH = 100 goods/day 
Model Output 
In ana lyz ing the output of an i n d u s t r i a l dynamics model the 
a n a l y s t i s c h i e f l y concerned wi th the behavior pa t t e rns of the 
sys tem ' s v a r i a b l e s . Output pa t t e rns are compared wi th h y p o t h e t i c a l 
behav io r p a t t e r n s , and t h e i r s i m i l a r i t y ( d i f f e r e n c e ) tends to support 
(negate) the v a l i d i t y of the model. Model v a l i d a t i o n in i n d u s t r i a l 
dynamics methodology i s i t s e l f not e s t h e t i c a l l y appeal ing to more 
a n a l y t i c a l l y or ien ted model b u i l d e r s . There are no c l e a r l y def ined 
s t a t i s t i c a l t e s t procedures a v a i l a b l e wi th which t o measure the model 
output data and a s s i g n some degree of v a l i d i t y based on an a r b i t r a r i l y 
s e l e c t e d s i g n i f i c a n c e l e v e l . The phi losophy i s t ha t there may e x i s t 
l i t t l e c o r r e l a t i o n between data generated by the s imula t ion model of a 
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s o c i a l system and data of s i m i l a r dimension c o l l e c t e d in a r e a l system, 
s ince the l a t t e r may be d i s t o r t e d by a wide v a r i e t y of environmental 
in f luence e i t h e r not included or not adequate ly represented in the 
s imula t ion model. This does not negate the p o s s i b i l i t y of model 
v a l i d a t i o n , however. I n d u s t r i a l dynamics model v a l i d a t i o n i s more a 
s u b j e c t i v e opinion of the model b u i l d e r than an a n a l y t i c a l c o r r e l a t i o n . 
His b e l i e f that h i s model inc ludes the most s i g n i f i c a n t feedback loops 
which t r u e i y represent un- sys tem's i n t e r n a l c a u s a l i n t e r a c t i o n s , and h 
favorab le comparison of the model output with h i s h y p o t h e t i c a l behavior 
pa t t e rns serve to v a l i d a t e the model. The most d e f i n i t i v e t e s t of 
the model 's v a l i d i t y i s the r e a c t i o n of the r e a l syslem upon imple­
mentation of recommended changes suggested by the simulated model. The 
model may be considered u l t i m a t e l y v a l i d i f the r e a l sys tem's behavior 
pa t t e rns compare f avorab ly wi th the model 's cont r ived p a t t e r n s . 
Before d i s c u s s i n g the output pa t t e rns of the basic model found 
in Appendix B, a b r i e f d i s c u s s i o n of the impact of s a l e s ra te and 
produc t ion r a t e on inventory l e v e l i s of some v a l u e . As i l l u s t r a t e d 
in F igure Ik, when product ion inc reases the l e v e l of inventory i n c r e a s e s , 
and as product ion peaks and drops back down inventory w i l l continue to 
i nc r ea se , but i t s f u n c t i o n ' s s lope w i l l change from p o s i t i v e to n e g a t i v e . 
F i n a l l y product ion ceases and inventory s t a b i l i z e s a t the new l e v e l 
determined by the amount produced dur ing the per iod in ques t i on . The 
s a l e s ra te has a s i m i l a r but opposi te e f f e c t on inventory l e v e l . The 
manager must be aware tha t even though he i s no longer producing h i s 
inventory w i l l not re turn to what he had p r e v i o u s l y e s t a b l i s h e d as an 
economica l ly f e a s i b l e l e v e l u n t i l i t i s acted upon by the s a l e s r a t e . 
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The e f f e c t i s i l l u s t r a t e d in Figure 1 5 . Note tha t maximum inventory-
occurs when decreas ing production ra te equals i nc reas ing s a l e s r a t e . 
The output from the bas ic s imula t ion model i s i l l u s t r a t e d in F igure l 6 . 
In the case of s ea sona l l y va ry ing s a l e s and product ion r a t e s inventory 
l e v e l a l s o v a r i e s , i t s period a measure of the time when production ra te 
equals s a l e s r a t e . Under the cond i t ions of t h i s i n i t i a l run the model 's 
product ion ra te d i s p l a y s a g r e a t e r amplitude than does s a l e s r a t e . This 
might be expla ined as a tendency of the manager to over (under) order to 
meet r i s i n g ( d e c l i n i n g ) demand. Fur ther , product ion l a g s s a l e s 
p o s s i b l y due to the de l ay in responding to r i s i n g or d e c l i n i n g s a l e s 
ra te manifest in h i r i n g a d d i t i o n a l l abor , s e t t i n g up new machines, 
ga the r ing necessary ma te r i a l , p rov id ing fo r a d d i t i o n a l t r anspor t a t i on 
needs, e t c . The r e s u l t s of t h i s d i f f e r e n c e in pa t te rns between pro­
duc t ion and s a l e s r a t e s i s a v a r y i n g inventory l e v e l which i s maximum 
sometime a f t e r peak demand. 
I n t u i t i v e l y inventory l e v e l , as a measure of the d i f f e r e n c e 
between what i s produced and what i s so ld , w i l l be minimized when 
product ion ra te c l o s e l y approximates s a l e s r a t e . Fur ther , in add i t ion 
t o minimizing p e r i s h a b i l i t y c o s t s by minimizing inventory l e v e l , l o s t 
s a l e s w i l l a l s o be minimized s ince the amount of underproduction or non­
a v a i l a b i l i t y of goods fo r s a l e w i l l be reduced by reducing the d i f f e r e n c e 
between product ion and s a l e s r a t e s . The i d e a l r e l a t i o n s h i p between 
inventory l e v e l and s a l e s r a t e , t ha t be ing i d e n t i c a l phasing, can e x i s t 
only when product ion i s e x a c t l y equal t o or l ead ing s a l e s such tha t 
d e c l i n i n g product ion equals s a l e s when the l a t t e r i s maximum. C l e a r l y , 
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Figure 1 6 . E x t r a c t of Appendix B, Basic Simulat ion Model. 
Gh 
information about the s a l e s r a t e , and f o r e c a s t i n g i s inadequate . 
Never the less c e r t a i n t oo l s are a v a i l a b l e to the system manager in the 
form of inventory adjustment t imes and c e r t a i n p o l i c i e s regarding the 
des i red l e v e l of inventory wi th which he may wi th in l i m i t s adjust the 
product ion ra te more to h i s l i k i n g . Again in t h i s model production rate 
i s considered to be the ra te a t which goods are rece ived a t r e t a i l . 
Before exp lo r ing the a l t e r n a t i v e s a v a i l a b l e to the manager fo r 
ad jus t ing h i s inventory l e v e l c e r t a i n r e l a t ed c o s t cons idera t ions are ^ f 
i n t e r e s t . As was d iscussed in the prev ious chapter the c o s t s involved 
wi th p e r i s h a b i l i t y and l o s t s a l e s have an inverse func t i ona l r e l a t i o n s h i p 
over t ime. A t y p i c a l p e r i s h a b i l i t y c o s t funct ion, i l l u s t r a t e d in 
Figure 1 7 , was const ructed as an academic t o o l t o por t ray the e f f e c t on 
c o s t of va ry ing average d e l a y . This funct ion may be descr ibed in 
DYNAMO s imula t ion language as f o l l o w s : 
LGCK = TABHL (LG, AVDL.K, 3-90 ,k.60, .05) 
LG* = V 5 / 6 / 7 / 9 / l l / l V 1 7 / 2 0 / 2 V 2 9 / 3 V 3 9 A V 5 2 
As average de lay v a r i e s the c o s t of p e r i s h a b i l i t y v a r i e s wi th a g r e a t e r 
c o s t being assessed the longer goods are a v a i l a b l e a t r e t a i l . 
A s i m i l a r l o s t s a l e s c o s t funct ion was cons t ruc ted as i l l u s t r a t e d 
in Figure 1 8 . This funct ion may be descr ibed in the DYNAMO simulat ion 
language as f o l l o w s : 
LSC.K = TABHL (IS,AVDL.K,3-90,4-60, .05) 
IS* = 75/53/43/36/30/25 / 2 1 / 1 7 / 1 V 1 1 / 9 / 7 / 5 / V 3 
3-9 .̂0 k.l k.2 h.3 k.k h.5 k.6 
AVDL 
Figure 17. Model P e r i s h a b i l i t y Cost Funct ion . 
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Figure l 8 . Model Lost Sa les Cost Funct ion . 
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The cos t funct ions are combined to produce a t o t a l c o s t funct ion in 
Figure 1 9 . Notice that g iven the system condi t ions i n the i n i t i a l model 
run the manager would r e a l i z e a d a i l y p e r i s h a b i l i t y and l o s t s a l e s c o s t 
of approximately s i x d o l l a r s and f o r t y - t h r e e d o l l a r s r e s p e c t i v e l y . 
Were the average de lay extended from approximately four to four and one-
h a l f days the d a i l y c o s t s would then be only s i x d o l l a r s fo r l o s t 
s a l e s but t h i r t y - n i n e c o l l a r s f o r p e r i s h a b i l i t y l o s s . C l e a r l y , however, 
the minimum t o t a l c o s t of approximately t h i r t y - f o u r d o l l a r s d a i l y 
occurs a t an average de lay of four and one-quarter days . Now tha t the 
manager recogn izes the current s t a tu s of h i s system ( i n i t i a l model run) 
and the more d e s i r a b l e s i t u a t i o n , the problem wi th which he must d e a l 
l i e s in how to adjust h i s system to the pre fe r red average de lay , 
thereby minimizing p e r i s h a b i l i t y as w e l l as l o s t s a l e s as determined 
by the minimum t o t a l c o s t v a l u e . 
Turning h i s a t t e n t i o n back to the i n i t i a l model run the manager 
s ee s l i t t l e opportuni ty fo r b r ing ing inventory l e v e l in phase wi th 
s a l e s ra te by at tempting to ad jus t the l a t t e r , s ince in t h i s system 
s a l e s r a t e i s def ined t o be merely a f r a c t i o n of p o t e n t i a l s a l e s , the 
system independent v a r i a b l e input func t ion . Since tha t f r a c t i o n i s a 
funct ion of the average de lay and e x h i b i t s l i t t l e v a r i a t i o n as the 
average de lay i s extended from four to four and one-hal f days (Figure 9)^ 
the manager can expect almost n e g l i g i b l e phase s h i f t i n g of the s a l e s 
r a t e , so he turns h i s a t t e n t i o n toward moving the product ion ra te to more 
c l o s e l y approximate the s a l e s r a t e . 
The product ion ra te fo r t h i s system i s a c t u a l l y the ra te a t 
which goods become a v a i l a b l e a t r e t a i l , defined to be a delayed va lue of 
6'6 
3-9 4.0 4 . 1 k.2 4.3 4.4 4.5 4.6 
AVDL 
Figure 1 9 . Model T o t a l Cost Funct ion . 
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the purchase s a l e s requests which are sent to w h o l e s a l e . The manager 
may attempt t o reduce the amount tha t production l ags s a l e s by 
reducing the de lay in t r a n s i t from wholesale to r e t a i l as w e l l as h i s 
own de lay in sending orders to who le sa l e . This i s not, however, h i s 
only a l t e r n a t i v e For ad jus t ing product ion r a t e . For example, he n o t i c e s 
tha t h i s purchase s a l e s requests include not only orders t o rep lace 
inventory deple ted by s a l e s but a l s o orders to adjust h i s inventory 
imbalance r e f l e c t e d as the d i f f e r e n c e between h i s a c t u a l inventory l<~-vpl 
and tha t which he d e s i r e s i t t o be . The des i red inventory l e v e l i s a 
funct ion of smoothed va lues of s a l e s rate and p e r i s h a b i l i t y r a t e . By 
extending the period over which these ra tes are smoothed the manager 
may s t a b i l i z e h i s des i red inventory l e v e l , thereby reducing the 
amplitude of h i s purchase s a l e s request ra te causing a s i m i l a r e f f e c t 
on the product ion r a t e . Another adjustment time a v a i l a b l e to the 
manager fo r s t a b i l i z i n g h i s purchase s a l e s request ra te i s the 
per iod he a l lows fo r c o r r e c t i n g f o r the d i f f e r ence between desired, and 
a c t u a l inventory l e v e l . By extending t h i s adjustment time he may 
e f f e c t an even more s t a b l e purchase s a l e s request r a t e . The r e s u l t s of 
adopting these changes are i l l u s t r a t e d in Figure 2 0 . As suspected the 
product ion ra te r e f l e c t s a reduced amplitude more c l o s e l y approximating 
tha t of the s a l e s r a t e . However, reducing the de lays does not appear t o 
have any apprec iab le e f f e c t on the phase angle d i f f e r e n c e between 
product ion and s a l e s . An a n a l y s i s of the e f f e c t of inc reas ing the 
adjustment times without reducing the d e l a y s , t ha t s i t u a t i o n i l l u s t r a t e d 
in Appendix C, shows tha t smoothing the product ion ra te by i t s e l f 
a c t u a l l y i nc reases the phase angle d i f f e r e n c e . Then by reducing the 
Figure 20. Ex t r ac t of 
Product ion 
Appendix C, E f f e c t of Smoothing 
Rate and Reducing D e l a y s . 
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the phase angle i s sh i f t ed back, a l lowing f o r a more s t a b l e production 
ra te and inventory l e v e l without the increased cos t a s soc ia t ed wi th 
d r i v i n g the inventory l e v e l f a r t h e r out of phase wi th s a l e s r a t e . 
In s p i t e of h i s more s t a b l e system the manager no t i ce s tha t he 
has accomplished no apparent improvement with respec t to h i s t o t a l 
c o s t . A c l o s e r a n a l y s i s i n d i c a t e s tha t by fu r the r s t a b i l i z i n g h i s 
system he has reduced the va r i ance in the average d e l a y . The e f f e c t was 
to s h i f t the mean of the average de lay s l i g h t l y to the l e f t (shor ten 
the average d e l a y ) , and reduce the standard dev ia t i on from the mean 
caus ing s l i g h t l y h igher d a i l y l o s t s a l e s c o s t s and lower d a i l y p e r i s h ­
a b i l i t y c o s t s and a g e n e r a l l y more s t a b l e t o t a l c o s t r a t e . 
The manager, al though s a t i s f i e d tha t i nc reas ing adjustment times 
and decreas ing de lays has added s t a b i l i t y t o h i s system, s t i l l d e s i r e s to 
reduce t o t a l c o s t by inc reas ing average d e l a y . He dec ides tha t s ince 
h i s p e r i s h a b i l i t y c o s t s are low whi le l o s t s a l e s c o s t s are h igh he 
should r e - e v a l u a t e h i s p o l i c y concerning des i red inventory l e v e l . 
Cur ren t ly tha t p o l i c y provides f o r a p r o p o r t i o n a l i t y constant between 
inventory and average s a l e s of e i g h t and between inventory and average 
p e r i s h a b i l i t y of two. By inc reas ing e i t h e r or both of these propor­
t i o n a l i t y cons tants the des i red inventory l e v e l w i l l be ra i sed fo rc ing 
a r e l a t e d inc rease in product ion r a t e . The e f f e c t would be t o expand 
the on-hand inventory l e v e l without a r e l a t ed increase in demand. 
Hence, more goods would be a v a i l a b l e longer to reduce l o s t s a l e s a t 
the expense of an increased p e r i s h a b i l i t y l o s s r a t e . Figure 21 
i l l u s t r a t e s the e f f e c t of i nc reas ing the p r o p o r t i o n a l i t y constant 
between inventory and p e r i s h a b i l i t y from two to t h r e e . Notice tha t the 
Figure 2 1 . Ex t r ac t of 
Product ion 
Inc reas ing 
Appendix C, E f f e c t of Smoothing 
Rate, Reducing Delays , and 
AIL. 
average de lay has been increased to approximately four and one-quarter 
d a y s . The r e s u l t s are reduced d a i l y l o s t s a l e s cos t by approximately 
60 per cen t , and an o v e r a l l reduct ion of t o t a l c o s t by approximately 
20 per c e n t . The impact of r a i s i n g the p r o p o r t i o n a l i t y constant 
wi thout smoothing the production ra te and decreas ing i t s de lay i s 
i l l u s t r a t e d in Appendix C. Although the comparison to tha t between 
the i n i t i a l model and i t s more s t a b l e v e r s i o n , one a d d i t i o n a l s i g n i f i c a n t 
cons ide ra t ion should be pointed ou t . S t a b i l i z i n g the inventory i s now 
even more important s ince a g r e a t e r amount of c a p i t a l i s inves ted in 
on-hand inven to ry . With reduced inventory v a r i a t i o n tha t c a p i t a l i s 
a v a i l a b l e to take advantage of o ther oppor tun i t i e s which would o ther-
v i s e be l o s t . 
F i n a l l y some cons ide ra t ion should be g iven to a r t i f i c a l l y ad jus t ­
ing the average de l ay by means of r e f r i g e r a t i o n , improved handling 
techniques , a d v e r t i s i n g , h i r i n g a d d i t i o n a l personnel , e t c . When a n a l y z ­
ing the d e s i r a b i l i t y of in t roduc ing any or a l l of these innovat ions the 
manager must f i r s t e s t a b l i s h h i s new p e r i s h a b i l i t y and/or l o s t s a l e s 
funct ion as defined by t h i s p o t e n t i a l change. Next he must adjust h i s 
c o s t curves to r e f l e c t the a d d i t i o n a l c o s t a s soc ia t ed with adding the 
techniques under a n a l y s i s as w e l l as the adjusted s lope r e l a t i o n s h i p 
tha t the techniques w i l l produce. Then, by ana lyz ing the new system 
output in a manner s i m i l a r to the a n a l y s i s here in he may be b e t t e r 
prepared t o decide on the appropr ia teness of undertaking the innovat ion 
under advisement, 
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CHAPTER VI I 
CONCIUSIONS AM) RECOMMENDATIONS 
Conclusions 
The previous chapter showed the behavior of t h i s model both 
i n i t i a l l y and under some s e l e c t e d changes . The o r i g i n a l model 's output 
pa t t e rns respond qu i te s i m i l a r l y to the expected behavior wi th respec t 
t o the r e l a t i o n s h i p between inventory l e v e l , product ion r a t e , and 
s a l e s r a t e . As a l t e r n a t i v e s were introduced behavior pa t te rns were 
subsequently adjusted r e f l e c t i n g a va ry ing degree of s e n s i t i v i t y based 
on the nature and s e v e r i t y of the a l t e r n a t i v e under cons ide r a t i on . The 
system manager i s provided wi th the fo l lowing conclus ions regarding 
c o n t r o l of pe r i shab l e , seasona l inven to ry . 
( 1 ) The most s i g n i f i c a n t v a r i a b l e in t h i s system wi th which the 
manager may inf luence c o n t r o l i s the average amount of time goods 
are a v a i l a b l e a t r e t a i l . By an in-depth a n a l y s i s of the v a r i a b l e s and 
parameters w i th in h i s system which con t r ibu te t o t h i s average delay and 
the f a c t o r s which cause i t to s h i f t , the manager may e s t a b l i s h a means 
of c o n t r o l necessary fo r e f f i c i e n t management of t h i s type system. 
( 2 ) P roper ly defined cos t funct ions f o r the product or c l a s s of 
products t o be c o n t r o l l e d are most u s e f u l and meaningful f o r c o n t r o l l i n g 
inven to ry . Because of t h e i r s i g n i f i c a n c e in de f in ing the most d e s i r a b l e 
range over which the average de lay may vary , cons iderab le e f f o r t should 
be d i r e c t e d toward quant i fy ing the c o s t s a s soc i a t ed wi th p e r i s h a b i l i t y 
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and l o s t s a l e s . 
(3) Given the appropria te v a r i a b l e funct ions t h i s model provides 
the manager a means of determining the degree of responsiveness necessary 
both wi th in h i s own s e c t o r to p rocess ing orders to wholesale and wi th in 
the wholesale t o shipping goods to r e t a i l . 
(k) This model a l s o provides the manager a b e t t e r means of 
dec id ing how much inventory he should have on-hand to compensate f o r 
p e r i s h a b i l i t y wi thout s a c r i f i c i n g s a l e s p o t e n t i a l . As was i l l u s t r a t e d 
in the previous chapter an improper balance between goods t o s a l e s or 
goods t o p e r i s h a b i l i t y can r e s u l t in a s i g n i f i c a n t increase in t o t a l 
c o s t . Upon v a l i d a t i o n and implementation of t h i s model t h a t balance 
may be more c l e a r l y defined wi th a p o s s i b l e subsequent improved c o s t 
s i t u a t i o n . 
F i n a l l y the technique of a n a l y s i s used in t h i s research , 
I n d u s t r i a l Dynamics, i s indeed appropr ia te f o r i d e n t i f y i n g the s i g n i f i c a n t 
i n t e r n a l c ausa l r e l a t i o n s h i p s of a pe r i shab l e , season inventory c o n t r o l 
system. No attempt was made to e s t a b l i s h any p r e c i s e va lues f o r 
"opt imiz ing" inventory l e v e l f o r any p a r t i c u l a r product . Y e t , by 
i d e n t i f y i n g the s i g n i f i c a n t feedback loops and the r e l a t i o n s h i p s between 
then wi th only genera l , t y p i c a l v a r i a b l e d e f i n i t i o n s a model was con­
s t ruc ted through which cons iderab le c o n t r o l may be exe rc i s ed over t h i s 
system. Now, g iven the feedback loops which are considered most 
important in t h i s model, v a l i d a t i o n by implementation may be t e s t e d by 
s e t t i n g up a smal l system of a c t u a l goods and r e l a t e d data and 
ana lyz ing i t s i n t e r a c t i o n . 
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Recommendations 
As a r e s u l t of t h i s research the fo l lowing recommendations are 
sugges ted : 
(1 ) A companion study should be conducted ana lyz ing the 
environmental ly broader problem as soc i a t ed with the production and 
market s e c t o r s . 
( 2 ) This model should be incorporated in to the broader model 
and t e s t e d to i d e n t i f y any s i g n i f i c a n t var iance from behavior pa t te rns 
a l ready c o n t r i v e d . 
(3) Because of the e f f e c t of changing the h y p o t h e t i c a l p e r i s h ­
a b i l i t y and s a l e s p r o b a b i l i t y func t ions , f a c t u a l data represent ing 
these v a r i a b l e s should be c o l l e c t e d in order to achieve some measure 
of v a l i d i t y wi th a r e a l system. 
{h) This model should be res t ruc tured t o include a c t u a l cash 
f low feedback loops in order to adequate ly eva lua te the t r adeof f balance 




In an e f f o r t to provide a r e a l i s t i c foundation and some measure 
of v a l i d i t y f o r the t h e o r e t i c a l model d i scussed in t h i s t h e s i s i n t e r ­
views were conducted wi th managers of r e t a i l pe r i shab l e , seasonal 
inventory c o n t r o l en t e rp r i s e s i n the v i c i n i t y of A t l an t a , Georgia . 
The genera l nature of bus iness conducted by these merchants and support­
ing ope ra t i ona l p o l i c i e s are d i scussed below, 
( l ) Frank A. Smith Nursery 
k020 Roswel l Road, N. W. 
A t l a n t a , Georgia 
General 
Mr. Smith ' s nursery has long been e s t a b l i s h e d in the A t l a n t a 
a rea , s e rv ing the needs of the publ ic f o r approximately twen ty - f ive 
y e a r s . His inventory inc ludes an extremely wide range of products , 
the major i ty of which i s p e r i s h a b l e . He has a unique p o l i c y of no 
commercial a d v e r t i s i n g , r e l y i n g on super ior q u a l i t y ra ther than 
quan t i ty t o e n l i s t future demands. 
Although Mr. Smith ' s bus iness inc ludes cons iderab le l o c a l 
product ion of pe r i shab le goods, t h i s by no means s a t i s f i e s h i s o v e r a l l 
ope ra t i ona l needs. Annually he must t r a v e l e x t e n s i v e l y , ana lyz ing the 
wholesa le market in order to e v a l u a t e the bes t means of ob ta in ing 
adequate amounts of q u a l i t y products , which must be t imely accessab le 
as w e l l as economical . Although h i s p r i n c i p a l market i s landscaping, 
he must a l s o s a t i s f y demands from an extremely broad market f o r 
pe r i shab le as w e l l as r e l a t ed durable goods. 
Requ i s i t i on Process ing 
There i s e s s e n t i a l l y no de lay in process ing demands. Goods are 
shipped in to r e t a i l d a i l y in smal l q u a n t i t i e s to s a t i s f y an t i c ipa t ed 
demands whi le minimizing l o s s due to handling and p e r i s h a b i l i t y . The 
volume shipped to r e t a i l v a r i e s depending on fo recas ted demands. This 
f o r e c a s t i n g i s based upon Mr. Smith 's t o t a l exper ience r a the r than 
pe r iod ic data , knowledge of extreme weather condi t ions during the in -
season p roduc t ' s growing per iod, and i n t u i t i v e est imate of changing 
market t a s t e or s t y l e . 
Purchase Rece ip t Process 
Although as mentioned some production i s l o c a l there remains 
va ry ing amounts of de lay in shipping products to r e t a i l . Delay due to 
weather cond i t ions (product ion retarded by extreme temperatures) i s f o r 
the most par t an t i c ipa t ed and provided f o r my making s u b s t i t u t e 
products a v a i l a b l e . Delays due to other causes such as t r anspor t a t ion 
and d i s t ance pose a s i g n i f i c a n t problem. As w i l l be d iscussed in more 
d e t a i l l a t e r the p o l i c y of emphasizing q u a l i t y merchandise has the 
e f f e c t of smoothing i f not a l t o g e t h e r e l imina t ing t h i s problem. 
On-hand Inventory 
On-hand inventory i s s tored in a c o n t r o l l e d environment green­
house. She l f l i f e may be extended almost i n d e f i n i t e l y , al though 
c a p a c i t y , s torage c o s t s , and seasona l c o n s t r a i n t s l i m i t the f e a s i b i l i t y 
of such an opera t ing p o l i c y . A d d i t i o n a l l y products marketed mainly 
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on t h e i r e s t h e t i c va lue are g r e a t l y dependent on the appearance of 
t h e i r b lossoms. Hence the withered p e t a l s of a pot ted chrysanthemum, 
fo r example, would he tantamount t o a p e r i s h a b i l i t y l o s s even though 
the p lan t i t s e l f had not pe r i shed . 
S e a s o n a l i t y 
Market demands f o r seasonal products are an t i c ipa t ed and a com­
b ina t ion of working overtime and h i r i n g a d d i t i o n a l labor i s employed to 
meet the a d d i t i o n a l workload. Backorders are accepted, and in the case 
where i n s u f f i c i e n t inventory i s a v a i l a b l e to s a t i s f y immediate demands, 
those demands are l o s t s a l e s and s a t i s f y i n g backorders takes p r i o r i t y . 
The d e c i s i o n as to how much product ion c a p a c i t y i s a l l o c a t e d to 
s a t i s f y i n g backorders and how much to supplying on-hand inventory i s 
reached by c l o s e l y monitoring market and weather c o n d i t i o n s . I t i s 
noteworthy t ha t t h i s i s most c r i t i c a l , s ince demands drop o f f sharply 
immediately a f t e r the season. 
Lost Sa les 
Lost s a l e s are of v i t a l concern in t h i s e n t e r p r i s e . To avoid 
them var ious p o l i c i e s are in e f f e c t , most notably the emphasis on 
q u a l i t y . Mr. Smith f e e l s t ha t because of the q u a l i t y of h i s product 
and the wide range of products a v a i l a b l e , only 1 per cent of h i s market 
i s a c t u a l l y l o s t . A d d i t i o n a l l y h i s market i s s t a b i l i z e d because of the 
long per iod over which he has been s a t i s f y i n g customers . Because of 
the high degree of product q u a l i t y customers normally agree , i f necessary , 
to w a i t d e l i v e r y of des i red goods r a the r than become l o s t s a l e s wi th 
r e l a t e d l o s t good w i l l . A d d i t i o n a l l y the wide range of products o f f e r s 
the opportuni ty to s a t i s f y the most unique demands as w e l l as the 
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f l e x i b i l i t y of product s u b s t i t u t i o n fo r demands on unava i l ab le goods. 
F i n a l l y the s t ab l e market and good product q u a l i t y serve as a source 
of advert isement without r e a l i z i n g the a s soc ia t ed a d d i t i o n a l c o s t . 
(2) Bo rg ' s F l o r i s t , Inc . 
2293 Candler Road 
Decatur, Georgia 
General 
B o r g ' s F l o r i s t i s an e s t a b l i s h e d bus iness in Decatur, Georgia 
and has been se rv ing the needs of tha t community fo r approximately 
t h i r t y y e a r s . The genera l nature of the product d e a l t wi th i s indeed 
pe r i shab l e , and Inventory i s s tored in a r e f r i g e r a t e d room. One of the 
p r i n c i p a l markets i s funera l s e r v i c e s , al though other market demands 
such as b i r t hdays , a n n i v e r s a r i e s , weddings and appropriate seasons 
require a t t e n t i o n to va ry ing d e g r e e s . 
R e q u i s i t i o n Process ing 
R e q u i s i t i o n s are g e n e r a l l y processed t e l e p h o n i c a l l y . The delay 
between r e c e i v i n g and f i l l i n g a r e q u i s i t i o n v a r i e s somewhat wi th a mean 
of approximately one day. In order to minimize that de lay needs are 
a n t i c i p a t e d based on pas t opera t ing expe r i ence . Goods are cont inuously 
being rece ived from the producer based on a p r i o r i purchase s a l e s . 
Seasonal items are handled in a s i m i l a r manner wi th a p r i o r i purchases 
from the producer, a n t i c i p a t i n g demands by a matter of weeks ra ther than 
days . I t i s noted tha t i n t h i s p a r t i c u l a r case seasonal goods, though 
pe r i shab l e , are more durable than d a i l y s tockage s ince the former normally 
c o n s i s t s of pot ted p lan t s ra ther than cut f l o w e r s . 
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Purchase Receip t Process 
Delay in r e c e i v i n g goods from the producer i s almost n e g l i g i b l e . 
Seasona l i t y has a favorable i f any e f f e c t on t h i s cond i t ion s ince 
seasona l demands are a l s o a n t i c i p a t e d by the producer and goods are 
made more r e a d i l y a v a i l a b l e . An opera t ing p o l i c y which a ids in 
accomplishing t h i s de lay minimization i s cont inuous ly dea l ing with the 
same producer . This has the d e s i r a b l e e f f e c t s of e s t a b l i s h i n g system 
s t a b i l i t y in t h i s i n t e r a c t i o n , confidence in product a v a i l a b i l i t y both 
q u a n t i t a t i v e l y and q u a l i t a t i v e l y , and production or ordering cos t 
s t a b i l i t y fo r the r e t a i l e r . 
On-hand Inventory 
This f l o r i s t ' s p o l i c y i s t o maintain goods on-hand f o r a f i xed 
per iod per product and then dispose of remaining inventory as was te . 
3y way of c l a r i f i c a t i o n the per iod i s f i xed by means of product 
q u a l i t y , and the p roduc t ' s s h e l f l i f e i s not extended by means of 
p r i c e reduct ion when the q u a l i t y f a l l s below a c e r t a i n s tandard. In 
the case of ca rna t ions the s h e l f l i f e i s approximately one week wi th 
approximately f ive-hundred rece ived d a i l y from the producer . 
S e a s o n a l i t y 
As mentioned s e a s o n a l i t y i s adjusted for by a n t i c i p a t i n g market 
demands. Fo recas t ing these demands c o n s i s t s of ana lyz ing the previous 
season ' s da t a . A d d i t i o n a l workload r e s u l t i n g from increased demands i s 
provided fo r by working overtime in the case of shor t seasons (Mother 's 
Day, E a s t e r ) . Longer seasons requi re both in depth p r i o r prepara t ion 
and extended overtime working p e r i o d s . A d d i t i o n a l temporary labor i s 
r a r e l y employed due to the n o n a v a i l a b i l i t y of s k i l l e d pe rsonne l . 
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Lost Sa les 
I t appears tha t a p r i n c i p a l f a c t o r in implementing opera t ing 
p o l i c y i s the de s i r e to minimize l o s t s a l e s . For t h i s p a r t i c u l a r 
f l o r i s t the problem i s considered t o be f a r more s i g n i f i c a n t than 
p e r i s h a b i l i t y . Considerable e f f o r t i s extended to avoid l o s t s a l e s 
and the inherent i l l w i l l a s soc i a t ed wi th a l o s t s a l e . Product 
s u b s t i t u t a b i l i t y i s an e f f e c t i v e means of reducing both l o s t s a l e s 
and p e r i s h a b i l i t y . Upon n o n a v a i l a b i l i t y of a g iven product demanded 
i t may be subs t i t u t ed fo r by a cheaper product p o s s i b l y , a t a sub­
sequent p r o f i t l o s s of p r i c e d i f f e r ence but savings based upon 
avoid ing a l o s t s a l e and the subs t i t u t ed p roduc t ' s p e r i s h a b i l i t y f a c t o r . 
In the absence of a s u i t a b l e s u b s t i t u t e t h i s f l o r i s t w i l l assume the 
a d d i t i o n a l c o s t of obta in ing the des i red goods elsewhere in order to 
avoid l o s t s a l e s . 
APPENDIX B 
BASIC SIMULATION MODEL 
MODEL OF RETAIL STORE * PERISHABLE GOODS 
IAR.K=IAR.J+CDT)CSRR.JK-SSR,JK) 
U0R.K = U0R.J + (D1)(RRR.JK"SSR tJK) 
NIR.K=IAR.K/DT 
STR.K=UOH.K/DFR 
SSR.KIsMlNf STR.K, MR, K) 
WhL.kC=ULLAY3{RRR,JK*DeL) 
PSR.KLS»SHL.JK + (1 /SAT)(IDR.K-IAR,K) 
IDR.KS(AIK)(RSK.K)+CAIL)<ERR2.K) 
RSH.K=RSH.J+(0T)(1/UR^)(RRR.JK-RSR,J) 
ERH2.K = E H H 2 . ( D T ) ( 1 / P A T)(PER.JK-ERR2,J) 
SRH.KL=0ELAY3(PSR.JK*DTR) 
LOS,K=LOS,J + CDDCPEH.JK + 0) 
PtR.KL = ( .01 HFNA.KM IAR.K) 
FRA,KsTAdHL(DEC#AvDL.K#0#U#l) 
DEC*=n/ l /3 / / / l 6 /2b /3H/50 /62 /75 /84 /93 /97 /99 /100 







LRA.K=LRA,j+([;r)(l/AVG)(AlJX.JK-LRA tJ) LRP,K = LRP, j + (DT )( l/AVGMPRR. JK-LRP, J) 
PLS.K=(lOO)(LhP.K-LRA,K)/{LRP,K) 
COSTS 
LSCK = 7ABHL(LS*A\/DL»K#3t90#4,60#»05> 
L S * = 7 5 / 5 3 / 4 3 / 3 0 / 3 0 / 2 5 / 2 1 / 1 7 / 1 4 / 1 1 / 9 / 7 / 5 / 4 / 3 
LGC.K=TAHHL(LG#AvDL,K#3t90#«,60#,05) 
L G * = 4 / 5 / 6 / 7 / 9 / 1 1 / 1 4 / 1 7 / 2 Q / 2 V 2 9 / 3 4 / 3 9 / 4 4 / 5 2 
TC .K = LSC .K + LGC.K 
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A V G = 3 0 
A I R = 8 
A . L = 2 
S A T = 4 
P A T = i O 
A V T = 5 
0 E L = 2 
U T C = 1 
DRR = fi 
BI?:i 
R R l = i O O O 
S T H = 1 0 0 
PRJNJ l)lAP#lDR/2)U0R/3)PRR,rRAC/4>RRR#s<;R/5^P^H»cPD 
P I I L R gc R "g ;KJ?c C 2? ? ^ J » ' ^ C T C = C C 0 , . 0 C 0 C ) 
















H 4 i 
3. 
4 - -* 












4 1 0*0021 
• * 








- »D- - . 
» 3 
V 3 
? 3 3 
! S 









. . . . . . . . . ) 0 
10*0 
O'OOI 
3 * 9 1 3 MALUAV « 1 *>HV 1 »«MLHS «H«HIW 
JO»Y 














9 d » 3 d » 
3! 
" - \ !• 8 
4 I * b 3 dl* M 3 
PA . 3 . - 3 . . . 
"2- -
U d 
M 4 U 4 
3 d d b d U 3 d U 3. d U 3 U 3 
U d U d 
d i. » d I, M d X. M 
41' H 1! d U I d U 
Nd U d 3 
8 7 
APPENDIX C 
COMPARATIVE SYSTEM SIMULATIONS 
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